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D Gloxwlrq Frvw Dssurdfk wr Ilqdqfldo
Lqwhuphgldwlrq dqg Vhfxulwlhv Pdunhwv￿
Sdwulfn Erowrq| [dylhu Iuhl{dv}
Ghfhpehu 4<<:
Devwudfw
Wklv sdshu sursrvhv d prgho ri ￿qdqfldo pdunhwv dqg frusrudwh
￿qdqfh/ zlwk dv|pphwulf lqirupdwlrq dqg qr wd{hv/ zkhuh htxlw| lv0
vxhv/ Edqn ghew dqg Erqg ￿qdqflqj pd| doo fr0h{lvw lq htxloleulxp1
Wkh sdshu hpskdvl}hv wkh uhodwlrqvkls Edqnlqj dvshfw ri ￿qdqfldo lq0
whuphgldwlrq= ￿upv wxuq wr edqnv dv d vrxufh ri lqyhvwphqw pdlqo|
ehfdxvh edqnv duh jrrg dw khoslqj wkhp wkurxjk wlphv ri ￿qdqfldo glv0
wuhvv1 Wkh ghew uhvwuxfwxulqj vhuylfh wkdw edqnv pd| r￿hu/ krzhyhu/
lv frvwo|1 Wkhuhiruh/ wkh ￿upv zklfk gr qrw h{shfw wr eh ￿qdqfldoo|
glvwuhvvhg suhihu wr rewdlq d fkhdshu pdunhw vrxufh ri ixqglqj wkurxjk
erqg ru htxlw| lvvxhv1 Wklv h{sodlqv zk| edqn ohqglqj dqg erqg ￿0
qdqflqj pd| fr0h{lvw lq htxloleulxp1 Wkh uhdvrq zk| ￿upv ru edqnv
￿Zh duh judwhixo wr Khopxw Ehvwhu/ Ulfkdug Euhdoh|/ Vxglswr Ekdwwdfkdu|d/ Pdwkldv
Ghzdwulsrqw/ Ehuqdug Gxpdv/ Jhudug Jhqrwwh/ Pdun Jhuwohu/ Ghqlv Jurpe/ Pduwlq Khoo0
zlj/ Ehqjw Kropvwuøp/ Mrvh Pdulq/ Zlooldp Shuudxglq/ Hqulfr Shurwwl/ Udidho Uhsxoor/
Mhdq0 Fkduohv Urfkhw/ Mhdq Wluroh/ Huqvw0Oxgzlj yrq Wkdgghq dqg Gdylg Zhee dv zhoo dv
vhplqdu sduwlflsdqwv dw Vwxglhq}hqwuxp Jhu}hqvhh/ZZ] Edvho/ Zkduwrq/ wkh FHSU frq0
ihuhqfh rq Edqnlqj khog lq Pdgulg +Iheuxdu| 4<<7,/ wkh Who0Dyly frqihuhqfh rq Ilqdqfldo
lqwhuphgldwlrq +Mdqxdu| 4<<7,/ wkh LJLHU frqihuhqfh rq wkh ghvljq ri wkh edqnlqj v|vwhp
khog lq Plodq +Iheuxdu| 4<<8,/ wkh IPJ0OEV frqihuhqfh lq krqrxu ri Ilvkhu Eodfn khog
lq Dojkhur +Vhswhpehu 4<<9, dqg wkh FHSU frqihuhqfh rq Ilqdqfldo lqwhuphgldwlrq dqg
wkh vwuxfwxuh ri fdslwdo pdunhwv khog dw LQVHDG +Dsulo 4<<:, iru khosixo frpphqwv1 Wklv
sdshu ruljlqdwhg dw wkh Ilqdqfldo Pdunhwv Jurxs ri wkh Orqgrq Vfkrro ri Hfrqrplfv/
zkhq [dylhu Iuhl{dv zdv d ylvlwlqj ihoorz1 Ilqdqfldo vxssruw iurp GJLF\W judqw qr1
SE<6036;; lv judwhixoo| dfnqrzohgjhg1
|HFDUH/ Xqlyhuvlw￿ Oleuh gh Euxvvhoohv dqg FhqwHU/ Wloexuj Xqlyhuvlw|
}Xqlyhuvlwdw Srpshx Ideud
4dovr lvvxh htxlw| lq rxu prgho lv vlpso| wr dyrlg edqnuxswf|1 Edqnv
kdyh wkh dgglwlrqdo prwlyh wkdw wkh| qhhg wr vdwlvi| plqlpxp fdslwdo
dghtxdf| uhtxluhphqwv1 Vhyhudo w|shv ri htxloleuld duh srvvleoh/ rqh
ri zklfk kdv doo wkh pdlq fkdudfwhulvwlfv ri d ￿fuhglw fuxqfk￿1 Wklv
pxowlsolflw| lpsolhv wkdw wkh fkdqqhov ri prqhwdu| srolf| pd| ghshqg
rq wkh w|sh ri htxloleulxp wkdw suhydlov/ ohdglqj vrphwlphv wr vxssruw
d ￿fuhglw ylhz￿ dqg rwkhu wlphv wkh fodvvlfdo ￿prqh| ylhz￿1
54 Lqwurgxfwlrq
Wkh pdlq sxusrvh ri wklv sdshu lv wr exlog dq htxloleulxp prgho ri wkh fdslwdo
pdunhw/ frpsulvlqj d edqnlqj vhfwru dv zhoo dv d sulpdu| vhfxulwlhv pdunhw/
zklfk lv frqvlvwhqw zlwk wkh pdlq vw|ol}hg idfwv wkdw duh nqrzq derxw vwrfn
dqg fuhglw pdunhwv1
Wkh revhuydwlrqv zh duh sulpdulo| lqwhuhvwhg lq duh wkh iroorzlqj= Doo
ghyhorshg pdunhw hfrqrplhv kdyh d fdslwdo pdunhw frpsrvhg ri erwk lqwhu0
phgldwhg ￿qdqfh dqg gluhfw ￿qdqfh1 Wkh uhodwlyh vl}h ri gluhfw dqg lqwhu0
phgldwhg ￿qdqfh ydulhv frqvlghudeo| dfurvv frxqwulhv dv zhoo dv ryhu wlph1
Wkh vl}h ri wkh edqnlqj vhfwru dovr vhhpv wr ydu| zlwk wkh exvlqhvv f|foh1 Lq
dgglwlrq/ wkh frpsrvlwlrq ri edqn ￿qdqfh dqg gluhfw ￿qdqfh ydulhv frqvlghu0
deo| dfurvv ￿upv1 Rxwvlgh htxlw| dqg erqg ￿qdqflqj lv irxqg suhgrplqdqwo|
lq pdwxuh dqg uhodwlyho| vdih ￿upv/ zkloh edqn ￿qdqfh +ru rwkhu irupv ri
lqwhuphgldwhg ￿qdqfh, lv wkh rqo| vrxufh ri ixqglqj iru vwduw0xs ￿upv dqg
ulvn| yhqwxuhv1 Wkh prgho zh exlog lv frqvlvwhqw zlwk wkhvh vw|ol}hg idfwv
dv zhoo dv d qxpehu ri hpslulfdo uhjxodulwlhv xqfryhuhg ru fruurerudwhg e|
uhfhqw uhvhdufk1 Qdpho| wkdw/ |rxqj ulvnlhu ￿upv uho| pruh rq edqn ordqv
wkdq rq ￿qdqfldo pdunhwv +vhh Shwhuvhq dqg Udmdq +4<<7, dqg +4<<8,,> edqn
ordq uhqhjrwldwlrq whqgv wr eh hdvlhu wkdq erqg uhvwuxfwxulqjv +vhh Oxpphu
dqg PfFrqqho +4<;<, dqg Jlovrq dqg Odqj +4<<3,,> dw wkh ehjlqqlqj ri d
grzqwxuq ￿upv whqg wr vzlwfk iurp edqn ohqglqj wr frpphufldo sdshu +vhh
Ndvk|ds/ Vwhlq dqg Zlofr{ +4<<6,,1
Ehvlghv vxjjhvwlqj d sodxvleoh dqg xql￿hg h{sodqdwlrq iru doo wkhvh re0
vhuydwlrqv/ wkh pdlq prwlydwlrq iru exloglqj vxfk d prgho lv wr lpsuryh rxu
xqghuvwdqglqj ri wkh h￿hfwv ri ￿qdqfldo uhjxodwlrq rq wkh vwuxfwxuh ri wkh
￿qdqfldo v|vwhp dqg wkh h￿hfwv ri prqhwdu| srolf| rq wkh uhdo vhfwru1
Rxu sdshu lv e| qr phdqv wkh ￿uvw dwwhpsw dw exloglqj vxfk d iudphzrun1
Uhfhqwo|/ wkhuh kdv ehhq uhqhzhg lqwhuhvw lq wkh txhvwlrqv ri zkdw ghwhu0
plqhv wkh vwuxfwxuh ri wkh fdslwdo pdunhw dqg krz wkh ￿qdqfldo dqg wkh uhdo
vhfwru lq wkh hfrqrp| lqwhudfw1 Rxu sdshu dggv wr d vpdoo uhfhqw wkhruhwlfdo
olwhudwxuh frqfhuqhg zlwk wkh frh{lvwhqfh ri edqn ohqglqj dqg erqg ￿qdqflqj
+prvw qrwdeo|/ Ehvdqnr dqg Ndqdwdv +4<<6,/ Krvkl/ Ndvk|ds dqg Vfkduivwhlq
+4<<6,/ Kropvwurp dqg Wluroh +4<<7, dqg Uhsxoor dqg Vxduh} +4<<7,,1 Rxu
pdlq frqwulexwlrq wr wklv olwhudwxuh lv wr lqwurgxfh rxwvlgh htxlw| ￿qdqflqj
e| erwk ￿upv dqg edqnv dorqjvlgh edqn ordqv dqg erqgv dqg wkxv eulqj rxu
prgho forvhu wr uhdolw|1 Dowkrxjk rxu prgho lv vwloo wrr vw|ol}hg wr dghtxdwho|
fdswxuh wkh pdlq lqwhudfwlrqv ehwzhhq ￿qdqfldo dqg uhdo vhfwruv zh eholhyh
6wkdw wkh lqwurgxfwlrq ri rxwvlgh htxlw| ￿qdqflqj lv d vljql￿fdqw vwhs iruzdug1
Dgplwwhgo|/ rxwvlgh htxlw| ￿qdqflqj e| qrq0￿qdqfldo ￿upv lv vpdoo dw
ohdvw lq  rz whupv1 Iru h{dpsoh/ iurp 4<79 wr 4<;: htxlw| ￿qdqflqj df0
frxqwhg iru rqo| : shufhqw ri doo h{whuqdo ￿qdqflqj e| qrq0￿qdqfldo ￿upv
lq wkh XV1 Exloglqj d prgho zklfk h{foxghv htxlw| ￿qdqflqj iru wkhvh ￿upv
frxog wkxv eh mxvwl￿hg dv d xvhixo vlpsoli|lqj dssur{lpdwlrq1 Krzhyhu/ zh
eholhyh wkdw h{foxglqj rxwvlgh htxlw| iurp edqnv lv d pxfk vwurqjhu dvvxps0
wlrq1 Lqghhg/ edqnv uho| lq dq hvvhqwldo zd| rq rxwvlgh htxlw| ￿qdqflqj wr
phhw wkhlu fdslwdo uhtxluhphqwv dqg wr h{sdqg wkhlu ohqglqj dfwlylwlhv1 Lq
dwwhpswlqj wr xqghuvwdqg wkh h￿hfwv ri/ vd|/ d uhgxfwlrq ri edqn fdslwdo rq
ohqglqj dqg djjuhjdwh lqyhvwphqw lw lv lpsruwdqw wr frqvlghu wkh srvvlelo0
lw| wkdw edqnv fdq r￿vhw d uhgxfwlrq lq wkhlu fxuuhqw fdslwdo edvh zlwk qhz
htxlw| lvvxhv1 Dowhuqdwlyho|/ vlqfh fkdqjhv lq wkh fdslwdo edvh ri edqnv pd|
kdyh dpsoli|lqj h￿hfwv rq djjuhjdwh lqyhvwphqw lw lv lpsruwdqw wr xqghuvwdqg
zkhq dqg krz edqnv ghwhuplqh dq lqfuhdvh +ru ghfuhdvh, ri wkhlu fdslwdo edvh
wkurxjk qhz htxlw| lvvxhv1
Lq rxu prgho wkhuh lv dv|pphwulf lqirupdwlrq ehwzhhq ￿upv dqg lqyhvwruv/
vr wkdw ￿upv udlvlqj htxlw| ehdu dq lqirupdwlrqdo gloxwlrq frvw +dv lq P|huv
dqg Pdmoxi +4<;7,,1 Edqn ohqglqj pd| lqyroyh d orzhu gloxwlrq frvw iru d
￿up/ exw ehfdxvh edqnv wkhpvhoyhv pxvw ehdu d gloxwlrq frvw zkhq wkh|
lvvxh htxlw| wkhuh lv dq lqwhuphgldwlrq frvw wr eh eruqh e| eruurzhuv1
Lq htxloleulxp ￿up ￿qdqflqj lv vhjphqwhg dv iroorzv= ulvnlhu ￿upv wdnh
rxw edqn ordqv +vlqfh wkh| kdyh d juhdwhu ghpdqg iru  h{leoh ￿qdqflqj,
zkloh wkh vdihu rqhv suhihu wr wds wkh vhfxulwlhv pdunhwv wr dyrlg sd|lqj wkh
lqwhuphgldwlrq frvw1 Ilupv uhvruw wr lvvxlqj htxlw| rqo| zkhq wkhlu xqghuo|lqj
ulvn lv vr kljk wkdw wkh h{shfwhg frvw ri edqnuxswf| xqghu erqg ￿qdqflqj dqg
wkh frvw ri edqn ohqglqj duh vr kljk wkdw wkh| rxwzhljk wkh dgghg gloxwlrq
frvw ri htxlw| ￿qdqflqj1
Lq rxu prgho edqnv* htxlw| edvh +dqg lqwhuqdoo| jhqhudwhg ixqgv, lv d nh|
yduldeoh lq ghwhuplqlqj wkh wrwdo vxsso| ri ordqv1 Ehfdxvh ri gloxwlrq frvwv lq
lvvxlqj htxlw| wkh ixqgv edqnv udlvh lq wkh ￿qdqfldo pdunhwv fdqqrw eh shuihfw
vxevwlwxwhv iru lqwhuqdoo| jhqhudwhg ixqgv1 Lq wklv uhvshfw rxu prgho fdswxuhv
wkh h{lvwhqfh ri d fuhglw fkdqqho ri prqhwdu| srolf| +vhh h1j1 Ndvk|ds dqg
Vwhlq +4<<7, ,1
Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 rxwolqhv wkh prgho1 Vhfwlrq 6
ghulyhv wkh rswlpdo prgh ri ￿qdqflqj iru ￿upv1 Vhfwlrq 7 h{dplqhv wkh edqnv*
ixqglqj vwudwhjlhv1 Vhfwlrqv 8 dqg 9 dqdo|vh wkh fuhglw pdunhw htxloleulxp1
Vhfwlrq : glvfxvvhv vrph lpsolfdwlrqv ri rxu prgho iru prqhwdu| srolf| dqg
7￿qdqfldo uhjxodwlrq1 Ilqdoo|/ vhfwlrq ; r￿huv vrph frqfoxglqj frpphqwv1 Wkh
surriv ri prvw uhvxowv duh jlyhq lq dq dsshqgl{1
5 Wkh prgho
Zh frqvlghu dq hfrqrp| frpsrvhg ri d frqwlqxxp ri ulvn qhxwudo djhqwv/
￿upv dqg edqnv1 Erwk ￿upv dqg edqnv duh uxq e| zhdowk0frqvwudlqhg rzqhu0
pdqdjhuv/ zkr qhhg wr udlvh rxwvlgh ixqgv wr fryhu wkhlu lqyhvwphqw rxw0
od|v1 Ilupv* lqyhvwphqwv fdq eh ixqghg hlwkhu e| lvvxlqj vhfxulwlhv +erqgv
ru vkduhv, ru wkurxjk d edqn ordq/ zkloh edqnv fdq eh ixqghg e| ghsrvlwv
dqg htxlw| ru erqg lvvxhv1 Zh ehjlq e| ghvfulelqj wkh fkdudfwhulvwlfv ri
￿upv* surmhfwv dqg wkhq zh wxuq wr wkh ixqglqj rswlrqv dydlodeoh wr ￿upv
dqg edqnv1
514 Ilupv* lqyhvwphqw surmhfwv
Hdfk ￿up kdv d surmhfw uhtxlulqj dq lqyhvwphqw U dw gdwh | ’fdqg |lhoglqj
uhwxuqv dw | ’￿dqg | ’2 1 Iru vlpsolflw| zh dvvxph wkdw sur￿wv dw gdwhv
| ’￿dqg | ’2fdq rqo| wdnh wzr ydoxhv/ ZM dqg Zu/ zlwk ZM :Z u/v rw k d w
wkhuh duh rqo| irxu srvvleoh vwdwhv ri qdwxuh/ iMcMjciMcujc iucMj dqg
iucuj1 Wkh surmhfw fdq eh oltxlgdwhg dw | ’￿dqg d uhvdoh ydoxh ￿ 5 EZucZ M￿
rewdlqhg1 Ri frxuvh/ lq wkdw fdvh wkh uhwxuqv ri shulrg | ’2duh iruhjrqh1
Zh dvvxph/ djdlq iru vlpsolflw|/ wkdw lqwhuhvw udwhv duh qrupdol}hg wr }hur
dqg wkdw wkh oltxlgdwlrq ydoxh ri wkh surmhfw dw | ’2lv }hur1
Ilupv* rzqhu0pdqdjhuv fdq lqyhvw dw prvw ￿￿Ulq wkh ￿up dqg pxvw
udlvh dw ohdvw U ￿ ￿ iurp wkh ￿qdqfldo pdunhwv ru d ￿qdqfldo lqwhuphgldu|1
Zh vkdoo dvvxph/ zlwkrxw orvv ri jhqhudolw|/ wkdw rzqhu0pdqdjhuv lqyhvw doo
wkhlu zhdowk lq wkh ￿up dqg zh qrupdol}h doo rxu yduldeohv vr wkdw U ￿￿ ’￿ 1
Zh dovr lqwurgxfh sulydwh ehqh￿wv ri frqwuro ￿:fzklfk rzqhu0pdqdjhuv
rewdlq dw gdwh | ’2li wkh ￿up lv qrw oltxlgdwhg1 E| gh￿qlwlrq wkhvh ehqh￿wv
duh qrw wudqvihudeoh wr rxwvlgh lqyhvwruv1
Ilupv gl￿hu lq wkh suredelolwlhv R￿ dqg R2 ri rewdlqlqj kljk fdvk  rz
uhdol}dwlrqv lq uhvshfwlyho| shulrgv 4 dqg 51 Wkh udqjh ri srvvleoh ydoxhv iru
R￿ lv dR
￿c￿o / zkhuh R
￿ ￿ ￿
2/ dqg wkdw iru R2 lw lv vlpso| ifc￿j1 Zh vkdoo
odeho ￿upv dffruglqj wr wkhlu vhfrqg shulrg uhwxuq= u0￿upv duh vdlg wr eh
￿edg￿ ￿upv dqg kdyh d vhfrqg shulrg uhwxuq ri Zu ER2 ’f ￿ / zkloh M0￿upv
duh ￿jrrg￿ dqg rewdlq ZM gxulqj wkh vhfrqg shulrg ER2 ’￿ ￿ 1 Zh dvvxph
8wkdw wkh ydoxh ri R2 lv gudzq lqghshqghqwo| ri wkh ydoxh ri R￿
41
Djhqwv kdyh gl￿huhqw lqirupdwlrq rq wkh ydoxh ri R￿ dqg R21 Zh dvvxph
wkdw R￿ lv sxeolfo| revhuydeoh/ exw wkdw R2 lv sulydwh lqirupdwlrq wr wkh ￿up
dw | ’f 1 Wkh suredelolw| R￿ fdq eh wkrxjkw ri dv d fuhglw udwlqj1 Wkh ydoxh
ri R2 lv rqo| uhyhdohg dw | ’￿wr d edqn zkr kdv ohqw wr wkh ￿upd w|’f c
dqg rqo| dw | ’2wr rwkhu vhfxulw| kroghuv51D w|’f cfuhglwruv* sulru eholhiv
derxw wkh ydoxh ri R2 duh wkdw R2 ’￿zlwk suredelolw| D +dqg R2 ’fzlwk
suredelolw| ￿ ￿ D,v rw k d w. d R 2o’D1
Zh vkdoo dvvxph wkdw u0￿upv* lqyhvwphqw surmhfwv kdyh d qhjdwlyh qhw
suhvhqw ydoxh iru doo ydoxhv ri R￿1 Wklv lv htxlydohqw wr vwdwlqj wkdw ZMnZu ￿
U1 Iru frqyhqlhqfh/ zh vkdoo pdnh wkh voljkwo| vwurqjhu dvvxpswlrq wkdw=
D4= ZM n Zu ￿ ￿
Zlwk wklv dvvxpswlrq zh uxoh rxw vljqdoolqj htxloleuld zkhuh wkh ￿up*v
fkrlfh ri fdslwdo vwuxfwxuh pd| uhyhdo lwv w|sh1 Lqghhg/ xqghu rxu dvvxpswlrq/
d edg ￿up dozd|v zdqwv wr plplf d jrrg ￿up iru rwkhuzlvh lw zrxog qhyhu
rewdlq dq| ixqglqj1 Wklv dvvxpswlrq dovr lpsolhv wkdw qr ￿up zrxog eh deoh
wr udlvh ixqglqj ri ￿ zlwkrxw idflqj d oltxlgdwlrq ulvn/ vlqfh ￿ :Z MnZ u
lpsolhv ￿ : 2Zu n D EZM ￿ Zu￿1
515 Ilupv* ￿qdqfldo rswlrqv
Ilupv fdq fkrrvh dq| frpelqdwlrq ri edqn ghew/ erqg dqg htxlw| ￿qdqflqj
wkh| ghvluh1 Wkh pdlq glvwlqjxlvklqj ihdwxuhv ri wkhvh wkuhh lqvwuxphqwv zh
hpskdvl}h duh wkh iroorzlqj=
41 erqg ￿qdqflqj= d erqg lvvxh vshfl￿hv d uhsd|phqw wr erqg kroghuv
ri -￿ dw gdwh | ’￿dqg d uhsd|phqw ri -2 dw gdwh | ’2 1 Li wkh ￿up
lv qrw deoh wr phhw lwv uhsd|phqwv dw gdwh | ’￿wkh ￿up lv ghfoduhg
edqnuxsw dqg lv oltxlgdwhg1 Li wkh ￿up lv qrw deoh wr phhw lwv odvw
shulrg uhsd|phqwv lw lv dovr ghfoduhg edqnuxsw dqg wkh erqg0kroghuv
dssursuldwh wkh ￿up*v dffxpxodwhg/ xqglvwulexwhg fdvk0 rz1 Ilupv
duh doorzhg wr uroo ryhu wkhlu erqgv e| pdnlqj qhz erqg lvvxhv dw gdwh
| ’￿ 1
4Lq dq hduolhu yhuvlrq zh doorzhg iru s5 5 ^s>s‘1 Wklv pruh jhqhudo irupxodwlrq exughqv
wkh dqdo|vlv zlwkrxw |lhoglqj dq| txdolwdwho| gl￿huhqw uhvxowv1
5Wklv lv frqvlvwhqw zlwk wkh lghd wkdw edqnv kdyh d vxshulru lqirupdwlrq2prqlwrulqj
dgydqwdjh ryhu ￿qdqfldo pdunhwv1
951 htxlw| lvvxh= dq htxlw| lvvxh vshfl￿hv d vkduh @ 5 dfc￿o wkdw rxwvlgh
vkduhkroghuv duh hqwlwohg wr1 Lw dovr vshfl￿hv vkduhkroghu frqwuro uljkwv/
exw zh vkdoo dvvxph wkdw vkduhkroghu glvshuvlrq lv vxfk wkdw rxwvlgh
vkduhkroghuv qhyhu h{huw dq| h￿hfwlyh frqwuro ryhu wkh rzqhu0pdqdjhu1
Zh dovr dvvxph wkdw wkh sulydwh ehqh￿wv ri frqwuro duh odujh hqrxjk
wkdw wkh rzqhu0pdqdjhu dozd|v ghflghv wr frqwlqxh dw gdwh | ’￿li
jlyhq wkh fkrlfh1
61 edqn ghew= d edqn ordq vshfl￿hv d uhsd|phqw vfkhgxoh i e -￿c e -2j1L iw k h
￿up ghidxowv rq lwv ￿uvw shulrg uhsd|phqw wkh edqn lv deoh wr revhuyh
wkh w|sh ri ￿up +wkurxjk prqlwrulqj, dqg ghflghv zkhwkhu wr oltxlgdwh
ru ohw wkh ￿up frqwlqxh1 Li lw ohwv wkh ￿up frqwlqxh lw dssursuldwhv
doo odvw shulrg uhwxuqv +wkurxjk/ vd|/ d ghew2htxlw| vzds,1 Vlqfh wkh
edqn revhuyhv wkh ￿up*v w|sh dw gdwh | ’￿lw ohwv wkh ￿up frqwlqxh
li dqg rqo| li wkh ￿up lv ￿jrrg￿1 Wkxv/ wkh pdlq glvwlqfwlrq ehwzhhq
edqn ghew dqg erqgv lv wkdw edqn ghew lv pruh  h{leoh +ru hdvlhu wr
uhvwuxfwxuh,1
Li ￿upv fkrrvh wr frpelqh wkhvh gl￿huhqw lqvwuxphqwv zh dvvxph wkdw wkh
sulrulw| vwuxfwxuh lq edqnuxswf| lv vxfk wkdw erqgv kdyh wkh kljkhvw sulrulw|/
iroorzhg e| edqn ghew dqg htxlw|1
516 Edqnv* vfuhhqlqj whfkqrorj| dqg remhfwlyh ixqf0
wlrq
D fhqwudo dvvxpswlrq ri rxu prgho lv wkdw edqnv idfh vlplodu lqirupdwlrqdo
sureohpv dv ￿upv zkhq wkh| vhhn wr rewdlq rxwvlgh ￿qdqflqj iru wkhlu ordqv1
Mxvw dv wkhuh duh ￿jrrg￿ dqg ￿edg￿ ￿upv wkhuh duh dovr ￿jrrg￿ dqg ￿edg￿
edqnv1 Zkloh ￿upv gl￿hu lq wkh txdolw| ri wkh surmhfwv dydlodeoh wr wkhp/
edqnv pd| gl￿hu lq wkhlu delolw| wr vfuhhq ￿jrrg￿ surmhfwv iurp ￿edg￿ rqhv1
Wr nhhs wklqjv dv vlpsoh dv srvvleoh/ zh dvvxph wkdw kljk vfuhhqlqj delolw|
edqnv +ru K0edqnv, fdq shuihfwo| glvfulplqdwh ￿jrrg￿ dqg ￿edg￿ ￿upv/ zkloh
orz delolw| edqnv +O0edqnv, fdqqrw glvwlqjxlvk ehwzhhq ￿jrrg￿ dqg ￿edg￿
surmhfwv dw doo1 Dowkrxjk O0edqnv gr qrw nqrz wkh w|sh ri wkh ￿up dw gdwh
| ’fwkh| ohduq wkh ￿up*v w|sh dw gdwh | ’￿ 1 Wkhuhiruh/ dw wkdw srlqw
wkh| fdq pdnh dq h!flhqw oltxlgdwlrq2frqwlqxdwlrq ghflvlrq1 Edqnv* rxwvlgh
lqyhvwruv gr qrw nqrz wkh edqn*v w|sh> doo wkh| nqrz lv wkdw wkhuh lv d pdvv
￿ ri K0edqnv dqg 6 ri O0edqnv1 Vr/ wkhlu sulru eholhi derxw d edqn*v w|sh lv
:wkdw wkh| idfh dq O0edqn zlwk suredelolw| 6*E￿ n 6￿ dqg dq K0edqn zlwk
suredelolw| ￿*E￿ n6￿1
Iru prvw ri wkh uhpdlqghu ri wkh sdshu zh vkdoo dvvxph wkdw edqnv duh
vxemhfw wr plqlpxp fdslwdo uhtxluhphqwv dqg wkdw ghsrvlwv duh lqvxuhg1
Wkxv/ wkh gloxwlrq frvw ri edqnv lv hvvhqwldoo| frqfhqwudwhg lq wkh frvw ri
rxwvlgh htxlw| qhfhvvdu| wr phhw plqlpxp fdslwdo uhtxluhphqwv1 Wklv lv
rqo| d vlpsoli|lqj dvvxpswlrq dqg lw zloo ehfrph fohdu wkdw rxu prgho dovr
dssolhv wr rwkhu hqylurqphqwv zlwk gl￿huhqw irupv ri edqn uhjxodwlrq1
Kdylqj vshfl￿hg edqnv* vfuhhqlqj whfkqrorj| lw uhpdlqv wr ghwhuplqh wkhlu
remhfwlyh ixqfwlrq1 Dv zlwk ￿upv/ zh dvvxph wkdw edqnv duh uxq e| ulvn0
qhxwudo rzqhu0pdqdjhuv zkr kdyh dq htxlw| vwdnh ￿ lq wkh edqn1 Zh dvvxph/
lq dgglwlrq wkdw wkhvh rzqhu0pdqdjhuv pd| zdqw wr oltxlgdwh wkhlu vwdnh lq
wkh edqn dw gdwh | ’￿zlwk suredelolw| b 5 Efc￿￿1 Dv d uhvxow/ wkhvh rzqhu0
pdqdjhuv fduh derxw erwk wkh edqn*v dffxpxodwhg sur￿wv lq shulrg | ’2 /
dqg wkh edqn*v vkduh sulfh lq shulrg | ’￿ 1 Pruh irupdoo|/ li zh ghqrwh e| ^
wkh vkduh sulfh ri wkh edqn dqg e| ￿2 wkh edqn*v dffxpxodwhg sur￿w xs wr
shulrg | ’2 / wkh edqn pdqdjhu*v remhfwlyh lv wr pd{lpl}h b^ nE ￿￿b￿ ￿ 2
61
Lq wkh qh{w vhfwlrq zh vkdoo ghwhuplqh ￿upv* fkrlfh ri ￿qdqflqj iru dq
h{rjhqrxvo| jlyhq lqwhuphgldwlrq frvw/ 4:f 1 Wklv doorzv xv wr ghulyh wkh
djjuhjdwh ghpdqg iru edqn fuhglw1 Zh wkhq surfhhg wr ghulyh wkh djjuhjdwh
vxsso| ri edqn fuhglw/ dqg wr ghwhuplqh wkh htxloleulxp frvw ri lqwhuphgld0
wlrq1
6 Ilupv* fkrlfh ri ￿qdqflqj= htxlw|/ erqgv ru
edqn ordqv
Kdylqj gh￿qhg hdfk lqvwuxphqw lq wkh suhylrxv vhfwlrq/ zh ehjlq rxu dqdo|vlv
ri wkh fkrlfh ri fdslwdo vwuxfwxuh e| rxwolqlqj wkh pdlq wudghr￿v lqyroyhg lq
wkh wkuhh prghv ri ixqglqj1
￿ Xqghu htxlw| ￿qdqflqj wkhuh duh qr edqnuxswf| frvwv1 Exw wkhuh pd|
eh kljkhu gloxwlrq frvwv iru jrrg ￿upv vlqfh wkh pdunhw whqgv wr xq0
6Qrwh wkdw wklv remhfwlyh ixqfwlrq lv vlplodu wr wkdw frqvlghuhg e| P|huv dqg Pdmoxi
+4<;7,1 Krzhyhu/ lw lv qrw yxoqhudeoh wr wkh fulwlflvpv yrlfhg djdlqvw wkhlu vshfl￿fdwlrq
+vhh h1j1 G|eylj dqg ]hqghu +4<;<,,1 Qrwh dovr wkdw edqn pdqdjhuv* sulydwh ehqh￿wv duh
qrw h{solflwo| prghohg1 Wkh uhdvrq lv wkdw edqnv qhyhu idlo lq rxu prgho vr wkdw wkh lvvxh
ri edqn pdqdjhuv* remhfwlyhv uhjduglqj oltxlgdwlrq ru frqwlqxdwlrq ri wkh edqn qhyhu dulvhv
h{solflwo|1
;ghuydoxh wkhlu vwrfn1
￿ Xqghu erqg ￿qdqflqj gloxwlrq frvwv pd| eh orzhu1 Exw/ zkhq wkh
￿up*v ghew lv kljk lw pd| eh irufhg lqwr edqnuxswf| dqg oltxlgdwlrq1 Lw
lv h!flhqw wr oltxlgdwh wkh ￿up zkhq lw lv edg +R2 ’f ,/ exw qrw zkhq
lw lv jrrg +R2 ’￿ , 1 Xqghu erqg ￿qdqflqj/ krzhyhu/ wkh ￿up lv dozd|v
oltxlgdwhg iroorzlqj ghidxow/ vr wkdw wkhuh lv d edqnuxswf| frvw iru jrrg
￿upv lq pdnlqj odujh erqg lvvxhv71
￿ Xqghu d edqn ordq wkh ￿up pd| dovr eh irufhg lqwr edqnuxswf|1 Exw
xqolnh erqg ￿qdqflqj/ edqnuxswf| zloo qrw jlyh ulvh wr lqh!flhqw olt0
xlgdwlrq1 Wkh edqn/ hqgrzhg zlwk vxshulru lqirupdwlrq dqg zlwk d
juhdwhu delolw| wr uhvwuxfwxuh lwv ordqv/ zloo fkrrvh wr oltxlgdwh rqo| edg
￿upv1 Wkxv/ edqn ohqglqj grplqdwhv erqg ￿qdqflqj lq whupv ri h{0
shfwhg edqnuxswf| frvwv1 Lw dovr grplqdwhv lq whupv ri gloxwlrq frvwv
vlqfh/ iroorzlqj d uhvwuxfwxulqj/ wkh edqn nqrzv wkh wuxh frqwlqxdwlrq
ydoxh ri wkh ￿up dqg lv wkhuhiruh deoh wr sulfh lw fruuhfwo|1 Wkh pdlq
gudzedfn ri edqn ohqglqj lv wkh frvw ri lqwhuphgldwlrq wkdw pxvw eh
eruqh e| wkh ￿up1 Dv zh phqwlrqhg hduolhu/ wkh frvwv ri lqwhuphgldwlrq
lq rxu prgho dulvh iurp wkh vdph gloxwlrq frqfhuqv wkdw ￿upv idfh= wkh
pdunhw pd| xqghuydoxh edqnv* dvvhwv ru lqyhvwphqw rssruwxqlwlhv1
Wkh pdlq glvwlqjxlvklqj ihdwxuhv ri htxlw|/ erqgv dqg edqn ghew wkdw zh
kdyh fkrvhq wr hpskdvl}h duh/ wkxv/ wkdw edqn ordqv duh hdvlhu wr uhvwuxfwxuh
wkdq erqg lvvxhv dqg wkdw htxlw| lvvxhv +zkhwkhu iru ￿upv ru edqnv, lqyroyh
kljkhu gloxwlrq frvwv1
Ehiruh zh ghvfuleh d ￿up*v rswlpdo fdslwdo vwuxfwxuh fkrlfh lw lv khosixo
wr ehjlq rxu dqdo|vlv e| ￿uvw frqvlghulqj/ dv d ehqfkpdun/ d pruh jhqhudo
rswlpdo ￿qdqfldo frqwudfwlqj sureohp/ zkhuh wkh ￿up lv qrw uhvwulfwhg wr
vwdqgdug ghew ru htxlw| lqvwuxphqwv exw lv deoh wr lvvxh frqwlqjhqw fodlpv1
7Lq sudfwlfh/ vrph erqg lvvxhv fdq eh uhvwuxfwxuhg vr dv wr dyrlg lqh!flhqw oltxlgdwlrq1
Krzhyhu/ erqg uhvwuxfwxulqjv duh w|slfdoo| pruh gl!fxow dqg frvwolhu wkdq edqn ordq
uhvfkhgxolqjv1 Zh pdjqli| wklv gl￿huhqfh ehwzhhq erqgv dqg edqn ordqv lq rxu prgho e|
dvvxplqj wkdw erqgv fdqqrw eh uhvwuxfwxuhg dw doo dqg edqn ordqv fdq eh uhqhjrwldwhg
frvwohvvo|1
<614 Wkh K0rswlpdo frqwlqjhqw frqwudfw
Zh vkdoo frqvlghu wkh rswlpdo frqwudfwlqj sureohp iurp wkh shuvshfwlyh ri dq
M0￿up zkr nqrzv wkdw dq| frqwudfw lw r￿huv wr ￿qdqflhuv zloo eh plplfnhg
e| u0￿upv/ vr wkdw lw lv dozd|v srrohg zlwk u0￿upv lq wkh vdph revhuydeoh
ulvn fodvv81
Lq rughu wr frpsduh wkhvh frqwudfwv qrw rqo| wr erqgv exw dovr wr ordqv/
zh zloo frqvlghu erwk qrq0prqlwruhg frqwlqjhqw frqwudfwv/ uhodwhg wr erqg
frqwudfwv dqg prqlwruhg frqwlqjhqw frqwudfwv dnlq wr edqn ordqv1
Wkh rswlpdo qrq0prqlwruhg frqwudfwlqj sureohp iru dq M0￿up lv wr r￿hu=
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Lw lv hdv| wr vhh wkdw wkh ￿up*v qrq0prqlwruhg rswlpdo fkrlfh lv %￿ ’￿li
DZM nE￿ ￿ D￿Zu :￿ ￿
Ghwhuplqlqj wkh rswlpdo prqlwruhg frqwlqjhqw frqwudfw ohdgv wr d vlplodu
sureohp/ h{fhsw iru wkh idfw wkdw wkh frqwlqxdwlrq ghflvlrq lv wdnhq diwhu
revhuylqj wkh ￿upv w|sh1 Lq wkh rswlpdo frqwudfw rqo| O0w|sh ￿upv zloo eh
oltxlgdwhg/ dqg wkh edqn zloo rewdlq wkh oltxlgdwlrq ydoxh ￿ E￿:Z u ￿ 1L q
dgglwlrq wkhuh lv d prqlwrulqj frvw 41
Zkhwkhu xqghu prqlwruhg ru qrq0prqlwruhg ￿qdqfh lw lv reylrxv +dqg
hdv| wr vkrz, wkdw wkh rswlpdo frqwudfw lv vxfk wkdw -M
￿ ’ ZMc- u
￿ ’Z udqg
8Wkh uhdvrq zk| O0￿upv lplwdwh K0￿upv lv wkdw d gl￿huhqw vwudwhj| zrxog uhyhdo wkh|
duh O0￿upv zlwk qhjdwlyh QSY surmhfwv1 Pruhryhu/ zh dvvxph wkdw lw lv qrw srvvleoh wr
euleh O0￿upv wr uhyhdo wkhpvhoyhv h{0dqwh vlqfh dq| srvlwlyh euleh zrxog eh d ciuhh oxqfk*
iru dq|rqh suhwhqglqj wr eh dq O0￿up1
Lq sulqflsoh K0￿upv frxog dwwhpsw wr sduwldoo| uhyhdo wkhpvhoyhv e| r￿hulqj d phqx ri
frqwudfwv zklfk zrxog vxssruw d vhpl0vhsdudwlqj htxloleulxp1 Zh vkdoo qrw frqvlghu wklv
srvvlelolw| vlqfh vxfk rxwfrphv fdq rqo| eh vxssruwhg e| dg0krf eholhiv1
43-u
2 ’ Zu/ vhwwlqj -M
2 ￿-u
2 htxdo wr wkh vpdoohvw srvvleoh ydoxh vdwlvi|lqj wkh
lqglylgxdo udwlrqdolw| frqvwudlqw ri wkh lqyhvwru1 Lqghhg/ wklv lv wkh frqwudfw
wkdw plqlpl}hv gloxwlrq frvwv1 Iru ixwxuh uhihuhqfh zh kljkoljkw wkh rswlpdo
frqwudfw xqghu prqlwruhg dqg qrq0prqlwruhg ￿qdqfh lq wkh wzr sursrvlwlrqv
ehorz=
Sursrvlwlrq 4 Lq wkh K0Rswlpdo Ilqdqfldo Frqwudfw zlwk qr prqlwrulqj wkh
￿up vhwv -M
￿ ’ ZM(-u
￿ ’ Zuc- u
2 ’Z u dqg=




D dqg %￿ ’ ￿1 Lq wklv fdvh wkh ￿up
lqfxuv d srvlwlyh gloxwlrq frvw ri E-M
2 ￿Zu￿E￿ ￿D￿1
51 Li R￿ZM n E￿ ￿R￿￿Zu nZu ￿ ￿ dqg DZM nE ￿￿D￿ Z u￿￿wkhq wkh ￿up
pxvw vhw %￿ ’ f dqg lqfxuv qr gloxwlrq frvw1 Krzhyhu/ lq wklv fdvh wkh
K0w|sh ￿up sd|v d srvlwlyh edqnuxswf| frvw1
Sursrvlwlrq 5 Rswlpdo Ilqdqfldo Frqwudfw zlwk prqlwrulqj= Wkh ￿up vhwv
-M
￿ ’ ZM/ -u
￿ ’ Zuc- u








E￿ ￿ D￿ lq dgglwlrq wr wkh lqwhuphgldwlrq frvw 41
Wkh frpsdulvrq ri wkh rswlpdo frqwudfwv xqghu uhvshfwlyho| prqlwruhg
dqg qrq0prqlwruhg ￿qdqfh lpphgdwho| uhyhdov wkdw prqlwruhg ￿qdqfh uh0
gxfhv gloxwlrq frvwv/ exw lpsolhv sd|lqj wkh hqgrjhqrxv frvw 41 Ghshqglqj
rq wkh uhodwlyh lpsruwdqfh wkhvh frvwv d ￿up pd| idyrxu prqlwruhg ru qrq0
prqlwruhg ￿qdqfh1
Lw lv dovr fohdu iurp wkh ghvfulswlrq ri wkh rswlpdo frqwudfw xqghu qrq0
prqlwruhg ￿qdqfh wkdw lw fdqqrw eh uhsolfdwhg e| dq| frpelqdwlrq ri htxlw|/
edqn ghew ru erqgv1 Lqghhg/ wr uhsolfdwh wkh frqwudfw wkh ￿up pxvw= l, lvvxh
vdih ghew zruwk 2Zu/ ll, lvvxh 433( rxwvlgh htxlw|/ dqg lll, jlyh wkh pdqdjhu
d fdoo rswlrq rq doo wkh rxwvlgh htxlw| wr eh h{huflvhg dw gdwh | ’ 2 dw wkh
h{huflvh sulfh -M
2 ￿ Zu1 Rqo| pdqdjhuv ri ￿jrrg￿ ￿upv zloo wkhq h{huflvh
wklv rswlrq/ dqg jhw d sd|r￿ ZM ￿-M
2 dv xqghu wkh rswlpdo frqwudfw1 Lq wkh
vdph zd| lw lv lpsrvvleh wr uhsolfdwh wkh rswlpdo prqlwruhg ￿qdqfh frqwudfw
zlwk d edqn ordq1
Lq wkh pdlq erg| ri wkh sdshu zh vkdoo rqo| doorz ￿upv wr fkrrvh ehwzhhq
htxlw|/ erqgv dqg edqn ghew1 Wkxv/ zh gr qrw doorz ￿upv wr h{sorlw wkh ehvw
44dydlodeoh ￿qdqfldo rswlrqv1 Krzhyhu/ lw zloo ehfrph fohdu iurp wkh dqdo|vlv
ehorz wkdw wkh orvv lq h!flhqf| iurp uxolqj rxw h{rwlf ￿qdqfldo lqvwuxphqwv lv
vpdoo lq rxu prgho/ vr wkdw rxu uhvwulfwlrq wr vwdqgdug ￿qdqfldo lqvwuxphqwv
lv qrw yhu| vwurqj1 Pruhryhu/ wkh uhvxowv zh rewdlq xqghu wklv uhvwulfwlrq duh
hdvlhu wr uhodwh wr hpslulfdo hylghqfh91
615 Wkh pl{ ehwzhhq htxlw|/ erqgv dqg edqn ordqv
Dv deryh zh ￿uvw fkdudfwhul}h wkh rswlpdo fdslwdo vwuxfwxuh zlwkrxw prql0
wrulqj dqg wkhq dvn zklfk ￿upv zrxog suhihu prqlwruhg +edqn, ￿qdqfh1
61514 Wkh rswlpdo Erqg0Htxlw| udwlr
Lw lv fohdu iurp wkh deryh dqdo|vlv wkdw ￿upv vkrxog lvvxh qr ohvv wkdq 2Zu
lq ulvnohvv ghew qr pdwwhu zkdw irup ri dgglwlrqdo ￿qdqflqj wkh| fkrrvh wr
rewdlq1 Li wkh ￿up*v sulpdu| frqvlghudwlrq lv wr dyrlg edqnuxswf| dw gdwh
| ’ ￿/ lw kdv wzr ￿qdqfldo dowhuqdwlyhv= hlwkhu lvvxh vdih erqgv zruwk 2Zu dqg
udlvh wkh uhpdlqlqj ixqgv zlwk htxlw|/ ru lvvxh wkh pd{lpxp dprxqw ri ghew
vxemhfw wr qr ghidxow dw gdwh | ’ ￿/ 2Zu n DEZM ￿ Zu￿/ dqg sd| d gloxwlrq
frvw erwk rq htxlw| dqg rq wkh DEZM ￿Zu￿ frpsrqhqw ri wkh ghew1 Wkh qh{w
ohppd ghwhuplqhv xqghu zkdw frqglwlrqv wkh ￿uvw prgh lv suhihudeoh wr wkh
vhfrqg1
Ohppd 6 Li htxlw| lv lvvxhg wkhq lw lv rswlpdo iru dq K0￿up wr lvvxh wkh
pd{lpxp dprxqw ri ￿uvw shulrg ghidxow iuhh erqgv/ 2Zu n D EZM ￿ Zu￿ li
D ￿ ￿ ￿ R￿1L i D￿ ￿ ￿ R ￿ /wkhq lw lv rswlpdo iru wkh ￿up wr rqo| lvvxh dq
dprxqw ri ghew 2Zu1
Surri1 = Vhh wkh dsshqgl{1
Wkh lqwxlwlrq ehklqg wklv ohppd lv dv iroorzv1 D fkdqjh lq D lqgxfhv
erwk d fkdqjh lq h{shfwhg uhwxuq dqg ulvn1 Qrz/ ghew whqgv wr plvsulfh ulvn
pruh wkdq htxlw|/ zkloh htxlw| plvsulfhv h{shfwhg uhwxuqv pruh1 Ghshqglqj
rq zklfk idfwru lv pruh lpsruwdqw/ ulvn ru uhwxuq/ wkh pdunhw sulfh ri erqgv
lv d ehwwhu ru zruvh uh hfwlrq ri wkh xqghuo|lqj ydoxh ri wkh ￿up wkdq htxlw|1
Wkh deryh ohppd jlyhv d qhfhvvdu| dqg vx!flhqw frqglwlrq iru ulvn| erqg
￿qdqflqj wr kdyh kljkhu gloxwlrq frvw wkdq htxlw|1
9Lq sudfwlfh wkhuh pd| eh pdq| uhdvrqv zk| ￿upv gr qrw ixoo| rswlpl}h wkhlu fkrlfh ri
￿qdqflqj pl{1 Lw lv eh|rqg wkh vfrsh ri wklv sdshu wr dgguhvv wkh txhvwlrq zk| vwdqgdug
￿qdqfldo lqvwuxphqwv vxfk dv htxlw|/ erqgv dqg edqn ordqv duh vr zlgho| xvhg1
45Iru wkh uhpdlqghu ri wkh sdshu zh vkdoo uhvwulfw dwwhqwlrq wr wkh fdvh
zkhuh gloxwlrq frvwv duh kljkhu xqghu htxlw| ￿qdqflqj e| dvvxplqj=
D5= D : ￿ ￿ R
￿
Zh zloo dovr irfxv rq wkh fdvh ri lqh!flhqw oltxlgdwlrq/ e| dvvxplqj
D6= DZM n E￿ ￿ D￿Zu :￿
Doo K0￿upv lvvxlqj htxlw| wkhq dovr lvvxh 2Zu n DEZM ￿ Zu￿ zruwk ri
erqgv1 Xqghu wklv dvvvxpswlrq zh fdq uhgxfh wkh fkrlfh ri dq K0￿up*v qrq0
prqlwruhg ￿qdqfldo vwuxfwxuh wr wzr rswlrqv= hlwkhu lvvxh rqo| ulvn| erqgv
+E, zklfk wkh ￿up pd| ghidxow rq lq shulrg | ’ ￿/ ru lvvxh htxlw| zlwk
pd{lpxp ￿uvw shulrg ghidxow iuhh ghew/ 2Zu n DEZM ￿ Zu￿ +H,1
Wkh fkrlfh ehwzhhq E dqg H jhqhudoo| ghshqgv rq wkh ￿uvw shulrg sure0
delolw| ri vxffhvv/ R￿1 Lvvxlqj ulvn| erqgv lpsolhv wkdw lq wkh hyhqw ri edqn0
uxswf| wkh ￿up lv oltxlgdwhg/ dqg lqfxuv d ghdgzhljkw orvv ri D EZM ￿ Zu￿ ￿
E￿ ￿ Zu￿1 Dowhuqdwlyho|/ lvvxlqj htxlw| zlwk vdih ghew lqyroyhv dq dgglwlrqdo
gloxwlrq frvw iru wkh ixqgv udlvhg deryh ￿ U ’2 Z unDE Z M￿Z u￿ 1 Wkh fkrlfh
ehwzhhq ulvn| erqg ￿qdqflqj dqg htxlw| zlwk ghidxow iuhh ghew ghshqgv rq
wkh uhodwlyh lpsruwdqfh ri wkhvh frvwv1 Vshfl￿fdoo|/ zh vkrz wkdw lw ghshqgv
rq wkh vljq ri
{Z ’ ￿E￿ ￿ D￿
￿
U ￿ ￿ U
￿
nE ￿￿R ￿￿E DE Z M￿Z u￿￿E ￿￿Z u￿￿ +4,
Zkhq {Z lv qhjdwlyh/ ulvn| erqg ￿qdqflqj lv suhihuuhg1 Qrwh wkdw {Z lv
ghfuhdvlqj lq R￿ dqg lv qhjdwlyh iru kljk ydoxhv ri R￿/ vr wkdw wkh iroorzlqj
uhvxow pxvw krog1
Sursrvlwlrq 7 Xqghu dvvxpswlrqv D5 dqg D6 wkhuh h{lvwv d ￿ R￿ 5 d￿ ￿ Dc￿￿
vxfk wkdw 433( erqg ￿qdqflqj lv suhihuuhg e| d R￿￿￿up wr lvvxlqj htxlw| dqg
erqgv li dqg rqo| li R￿ ￿ ￿ R￿1
Surri1 Vhh dsshqgl{1
Sursrvlwlrq 7 hvwdeolvkhv wkdw wkh ￿upv zlwk wkh vdihvw ￿uvw0shulrg fdvk
 rzv wxuq wr erqg ￿qdqflqj dv wkhlu pdlq vrxufh ri rxwvlgh ￿qdqfh1 Wkhvh duh
wkh vr fdoohg lqyhvwphqw judgh ￿upv1 Ilupv zlwk ulvnlhu ￿uvw0shulrg fdvk  rzv
suhihu wr lvvxh htxlw|1 Qrwlfh dovr wkdw/ iru vrph sdudphwhu frqvwhoodwlrqv/
{Z lv qhjdwlyh hyhq iru wkh vpdoohvw ydoxh ri R￿1 Lq wkdw h{wuhph fdvh doo
￿upv wxuq wr +ulvn|, erqg ￿qdqflqj dqg qr ￿upv lvvxh htxlw|1
4661515 Gluhfw yv Lqwhuphgldwhg Ilqdqfh
Zkhq zh lqwurgxfh wkh dgglwlrqdo rswlrq ri edqn ￿qdqflqj/ wkhq ￿upv* fkrlfh
ri fdslwdo vwuxfwxuh lv dv iroorzv= Wkh fkrlfh ehwzhhq erqg ￿qdqflqj dqg edqn
ordqv iru ￿upv zlwk R￿ forvh wr ￿ lv vlpsoh= vlqfh wkh h{shfwhg edqnuxswf| frvw
lv qhjoljleoh dqg vlqfh wkh frvw ri lqwhuphgldwlrq lv srvlwlyh wkhvh ￿upv suhihu
erqg ￿qdqflqj ryhu edqn ohqglqj1 Iru doo rwkhu ￿upv wkh edqn ordq rswlrq
pd| eh dwwudfwlyh surylghg wkdw lqwhuphgldwlrq frvwv duh qrw wrr kljk1 Dv lq
rxu frpsdulvrq ehwzhhq erqgv dqg htxlw|/ rqh srwhqwldo gl!fxow| wkdw zh
idfh lv ghwhuplqlqj zklfk prgh ri ￿qdqflqj lqyroyhv kljkhu gloxwlrq frvwv1
Edqn ordqv/ mxvw dv erqg ￿qdqflqj/ pd| dfwxdoo| lqyroyh kljkhu gloxwlrq
frvwv zkhq D lv orz1 Zh vkdoo djdlq uhvwulfw dwwhqwlrq wr wkh pruh sodxvleoh
sdudphwhu ydoxhv zkhuh gloxwlrq frvwv duh kljkhu xqghu htxlw| ￿qdqflqj wkdq
xqghu ghew ￿qdqflqj dqg dvvxph wkdw wkh iroorzlqj dvvxpswlrq krogv=
D7= D ￿ EZM ￿ ￿￿%EZ M ￿Z u￿
Xqghu dvvxpswlrqv D4/ D5/ D6 dqg D7/ zh fdq vkrz wkdw rqo| wkh ￿upv
zlwk orz R￿ fkrrvh edqn ordqv ryhu gluhfw ￿qdqflqj1
Sursrvlwlrq 8 Xqghu dvvxpswlrqv D4/ D5/ D6 dqg D7 wkh ghpdqg iru edqn
ordqv lv wkh phdvxuh ri R￿￿￿upv lq wkh lqwhuydo d￿ ￿ DcR W
￿E4￿o zklfk zh ghqrwh
e| PEd￿ ￿ DcR W
￿E4￿o￿> RW
￿ E4￿ lv ghfuhdvlqj lq 4/ zlwk RW
￿ Ef ￿’￿dqg RW
￿ E4￿’
￿￿Diru dq| 4 ￿ 4S1
Surri1 Vhh dsshqgl{1
Lq rwkhu zrugv/ wkh ghpdqg iru edqn ordqv frphv iurp wkh ￿upv zlwk
wkh juhdwhvw xqghuo|lqj fdvk0 rz ulvn1 Li wkh lqwhuphgldwlrq frvw lv }hur
+4 ’ f, doo ￿upv lq wkh hfrqrp| vhhn edqn ￿qdqflqj dqg PEd￿ ￿DcR W
￿Ef￿o￿ ’




_4 ￿ f1 Ixuwkhupruh/ iru d srvlwlyh lqwhuphgldwlrq frvw
wkh vdihvw ￿upv suhihu wr lvvxh erqgv1 Htxlw| pd| ru pd| qrw eh lvvxhg e|
vrph ￿upv ghshqglqj rq zkhwkhu RW
￿ E4￿ ￿ ￿ R￿ ru RW
￿ E4￿ : ￿ R￿ zkhuh ￿ R￿ lv wkh
wkuhvkrog ohyho gh￿qhg lq sursrvlwlrq 7 1 Ilqdoo|/ wkh ghpdqg iru edqn ordqv






zklfk duh qrw vx!flhqwo| sur￿wdeoh iru edqnv1
Wkhvh ￿upv hlwkhu jhw qr ￿qdqflqj dw doo ru duh ￿qdqfhg e| htxlw| +dqg
erqgv,1 Wkhvh ￿upv fdq eh wkrxjkw ri dv uhfhlylqj yhqwxuh fdslwdo ￿qdqflqj1
Lq vxp/ iru dq| jlyhq lqwhuphgldwlrq frvw 4 : f/ ￿upv fdq eh sduwlwlrqhg








1-v p(r) p*(r) ￿ p
Iljxuh 4=





jhw qr ixqglqj ru duh ￿qdqfhg e| htxlw|
dqg ghidxow iuhh erqgv/







61 ￿upv zlwk R￿ 5 dRW
￿E4￿c e R￿o duh ￿qdqfhg e| htxlw| dqg ghidxow iuhh erqgv/
71 ￿upv zlwk R￿ 5 de R￿c￿o duh erqg ￿qdqfhg1
Qrwh wkdw wkhvh suhglfwlrqv ri rxu prgho duh urxjko| lq olqh zlwk revhuyhg
vw|ol}hg idfwv:1
7 Edqnv* Oldelolw| Vwuxfwxuh
Kdylqj ghwhuplqhg wkh ￿upv* fkrlfh ri ixqglqj zh qrz wxuq wr wkh edqnv*
vrxufh ri ixqglqj1 Uhfdoo wkdw edqnv duh uxq e| pdqdjhuv zkr lqyhvw dq
dprxqw ￿ ri wkhlu shuvrqdo zhdowk lq wkh edqn1 Wkh| fdq xvh wkhlu rzq lq0
yhvwhg ixqgv ￿ wrjhwkhu zlwk +lqvxuhg, ghsrvlwv ( wr ixqg d wrwdo dprxqw ri
ordqv ￿n(/ vxemhfw wr phhwlqj wkh fdslwdo dghtxdf| uhtxluhphqwv
￿
￿n( ￿ V;1
Hyhq li wkh vxsso| ri ghsrvlwv lv lq￿qlwho| hodvwlf/ d edqn*v vxsso| ri fuhglw
lv olplwhg wr ￿
V xqohvv lw jhwv ixuwkhu rxwvlgh htxlw|1 Zh vkdoo dvvxph/ iru
vlpsolflw|/ wkdw ghsrvlwv duh lq￿qlwho| hodvwlf vr wkdw wkh edqnv* ￿qdqflqj
:Rqh ￿qdqfldo fodvv zh kdyh h{foxghg lv ulvn| +orz s40, ￿upv ￿qdqfhg zlwk mxqn erqgv1
Wklv ￿qdqfldo fodvv frxog eh rewdlqhg lq rxu prgho li zh gr qrw pdnh dvvxpswlrqv D5 dqg
D61 Vwloo/ zlwklq wkh iudphzrun ri rxu prgho/ li mxqn erqgv frxog eh uhqhjrwldwhg wkh|
zloo eh forvhu wr edqn ordqv wkdq wr sxeolfo| lvvxhg erqgv1
;Wkh ELV fdslwdo dghtxdf| uxohv lq rxu kljko| vlpsol￿hg prgho duh wkdw ￿ @3 = 3; iru
vwdqgdug xqvhfxuhg ordqv1
48sureohp erlov grzq wr wkh txhvwlrq zkhwkhu wr lvvxh pruh htxlw| dqg li vr e|
krz pxfk<1 Dv zlwk ￿upv zh vkdoo frqvlghu wklv sureohp lq dq dgyhuvh vhohf0
wlrq vhwwlqj/ zkhuh lqyhvwruv fdqqrw glvwlqjxlvk edqnv zlwk d kljk vfuhhqlqj
delolw| +K0edqnv, iurp wkrvh zlwk d orz vfuhhqlqj delolw| +O0edqnv,1
Rqfh djdlq/ zh frqvlghu wklv sureohp iurp wkh shuvshfwlyh ri K0edqnv/
zkr nqrz wkdw wkhlu dfwlrqv duh plplfnhg e| O0edqnv1 Wkh uhdvrq zk| O0
edqnv dozd|v plplfn K0edqnv lv wkh vdph dv zlwk ￿upv= O0edqnv duh qhjdwlyh
QSY lqvwlwxwlrqv/ zklfk gr qrw jhw dq| rxwvlgh htxlw| ixqglqj rqfh wkh| duh
lghqwl￿hg1 Ehorz/ zh jlyh vx!flhqw frqglwlrqv jxdudqwhhlqj wkdw O0edqnv duh
qrw sur￿wdeoh431
Dq K0edqn frqwhpsodwlqj dq htxlw| lvvxh idfhv wkh iroorzlqj wudghr￿1 Li
lw lvvxhv htxlw| lw fdq lqfuhdvh ohqglqj dqg wkxv udlvh sur￿wv/ exw vlqfh lw*v
htxlw| lv xqghuydoxhg lq wkh ￿qdqfldo pdunhw wkh edqn*v rzqhu0pdqdjhu grhv
qrw dssursuldwh wkh hqwluh lqfuhdvh lq sur￿wv1 Ghshqglqj rq wkh sur￿wdelolw|
ri ordqv dqg wkh h{whqw ri wkh xqghuydoxdwlrq ri htxlw| wkh K0edqn pd| ru
pd| qrw ghflgh wr uhod{ lw*v ohqglqj frqvwudlqw e| lvvxlqj pruh htxlw|1 Wkxv/
wr ghwhuplqh dq K0edqn*v fkrlfh zh qhhg wr vshfli| wkh sur￿wdelolw| ri ordqv
dqg wkh h{whqw ri gloxwlrq1
Lq htxloleulxp wkh ohqglqj whupv wkdw K ru O0edqnv r￿hu duh wkh vdph1
Rwkhuzlvh dq| ghyldwlrq e| dq O0edqn zrxog uhyhdo lw*v w|sh dqg klw lw*v
vkduh sulfh1 Zh jlyh vx!flhqw frqglwlrqv jxdudqwhhlqj wkdw wkh frvw ri d idoo
lq vkduh sulfh rxwzhljkv dq| ehqh￿w wr O0edqnv iurp xqghufxwwlqj K0edqnv*
whupv lq wkh ordq pdunhw1
Qrz/ uhfdoo wkdw wkh rswlpdo ohqglqj whupv duh vxfk wkdw edqnv rewdlq
doo wkh ￿up*v +h{shfwhg, ￿uvw shulrg uhyhqxhv/ R￿ZM n E￿￿R￿￿Zu ￿ Z/ soxv d
<Wkh pruh uhdolvwlf dvvxpswlrq wkdw ghsrvlwv duh lqhodvwlf zrxog frpsolfdwh wkh dqdo|vlv
zlwkrxw surgxflqj txdolwdwlyho| gl￿huhqw uhvxowv1 Zlwk lqhodvwlf ghsrvlwv edqnv* ohqglqj
fdsdflw| lv qrw rqo| frqvwudlqhg e| lwv* htxlw| edvh exw dovr e| lwv* ￿￿qdqfldo vodfn￿/ zklfk
lqfoxghv ghsrvlwv/ uhsd|phqwv rq suhylrxv ordqv/ dqg pruh jhqhudoo| doo oltxlg dvvhwv lq
lwv* sruwirolr1 Lw lv wkhq srvvleoh iru edqnv wr ixqg wkhlu lqyhvwphqwv e| wkhpvhoyhv lvvxlqj
erqgv/ vr wkdw d pruh uhdolvwlf oldelolw| vwuxfwxuh iru edqnv frxog eh rewdlqhg1 Dovr/ zkhq
ghsrvlwv duh dvvxphg wr eh lqwhuhvw0lqhodvwlf d qhz vhw ri lvvxhv dulvhv frqfhuqlqj wkh edqnv*
oldelolw| pdqdjhphqw srolf| zklfk lv eh|rqg wkh vfrsh ri wklv sdshu1
43Wkh uhdvrq zk| zh uhvwulfw dwwhqwlrq wr vlwxdwlrqv zkhuh O0edqnv dozd|v plplfn K0
edqnv lv wr nhhs wkh dqdo|vlv dv wudfwdeoh dv srvvleoh1 Lw vkrxog eh fohdu wkdw hyhq li
htxloleuld zkhuh K0edqnv fdq vhsdudwh wkhpvhoyhv iurp O0edqnv pd| h{lvw iru rwkhu sdud0
phwhu ydoxhv wkhvh htxloleuld zrxog dovr kdyh srvlwlyh lqwhuphgldwlrq frvwv dqg wkhuhiruh
zrxog eh txdolwdwlyho| vlplodu wr wkh srrolqj htxloleuld fkdudfwhul}hg lq wkh erg| ri wkh
sdshu1
49vhfrqg shulrg uhsd|phqw/ 4@ i-M
2 ER￿￿cZ uj1 Jlyhq wkhvh +lghqwlfdo, ohqglqj
whupv/ K0edqnv jhw d kljkhu uhwxuq shu ordq wkdq O0edqnv vlqfh K0edqnv shu0
ihfwo| vfuhhq K0￿upv iurp O0￿upv/ zkloh O0edqnv fdqqrw glvwlqjxlvk ehwzhhq
wkh wzr w|shv ri ￿upv1
Li zh ghqrwh e| e D wkh suredelolw| wkdw dq O0edqn ohqgv wr dq K0￿up44
dqg e| E4Mc4 u￿ wkh uhwxuq shu ordq ri uhvshfwlyho| K dqg O0edqnv/ wkhq
jlyhq htxdo ohqglqj whupv zh kdyh=
4M ’ ￿￿nZE R ￿￿n-
M
2E R ￿￿dqg +5,
4u ’ ￿￿ n ZER￿￿ne D-
M
2E R ￿￿nE ￿￿e D￿ ￿ +6,
Wkh uhwxuqv ri O0edqnv fdq/ wkxv/ eh zulwwhq dv d ixqfwlrq ri K0edqnv
uhwxuqv=
4u ’ E￿ ￿ e D￿EZER￿￿ ￿ ￿n￿ ￿ne D4 M +7,
Ghqrwlqj e| 48 wkh uhwxuq shu ordq wkdw wkh pdunhw h{shfwv d jhqhulf
edqn wr rewdlq iroorzlqj wkh edqn*v ghflvlrq wr lvvxh qhz htxlw| ri 8/d q g
e| 4f wkh uhwxuq wkh pdunhw h{shfwv iurp d edqn lvvxlqj qr htxlw|/ zh fdq










n ￿￿E￿ n 8￿
zkhuh/ E￿ n 8￿E￿
V ￿￿￿ lv wkh pd{lpxp dprxqw ri ghsrvlwv wkh edqn fdq
xvh jlyhq lw*v htxlw| edvh ￿ n 81





n ￿￿E￿ n 8￿o ’ 8 +8,




n￿ ￿ E ￿n8￿ onE ￿￿b ￿dE
4M
V
n ￿￿E￿ n 8￿oj
ru/ vxevwlwxwlqj iru wkh ydoxh ri k lq +8, dqg uhduudqjlqj/ wkh pdqdjhu*v
sd|r￿ lv=
44Lq htxloleulxp/ zh kdyh e ￿ ￿ ￿ vlqfh vrph K0￿upv rewdlq ixqglqj iurp K0edqnv/ zkloh
dq| O0￿up fdq rqo| rewdlq ixqglqj iurp dq O0edqn1
4:E
48







b48 nE ￿￿b￿ 4 M
V
n￿ ￿
Wkxv/ jlyhq pdunhw h{shfwdwlrqv 48/ dq K0edqn pdqdjhu lv ehwwhu r￿
lvvxlqj htxlw| 8:fwkdq lvvxlqj qr dgglwlrqdo htxlw| li dqg rqo| li/
E
48







b48 nE ￿￿b￿ 4 M
V
n￿ ￿ ￿
d b4f nE￿ ￿ b￿4M
V
n ￿o￿ +9,
Xqghu wkh vdph pdunhw h{shfwdwlrqv/ dq O0edqn pdqdjhu ghflghv wr lvvxh
htxlw| 8 : f li dqg rqo| li/
E
48












n￿ o ￿ +:,
Frqglwlrqv +9, dqg +:, gl￿hu ehfdxvh d pdqdjhu ri dq O0edqn lv ehwwhu r￿
vhoolqj klv htxlw| vwdnh dw gdwh | ’ ￿ wkdq kroglqj rq wr lw xqwlo gdwh | ’2 /
luuhvshfwlyho| ri zkhwkhu kh kdv d oltxlglw| qhhg dw gdwh | ’￿ru qrw1 Wkh
srlqw lv wkdw wkh pdunhw dozd|v +zhdno|, ryhuydoxhv wkh vkduhv ri dq O0edqn
dqg wkhuhiruh wkh pdqdjhu zrxog pdnh d fdslwdo orvv e| kroglqj rq wr klv
vkduhv1 Wklv lv zk| wkh uhohydqw uhwxuq rq ordqv iru dq O0edqn pdqdjhu lv
dozd|v wkh uhwxuq h{shfwhg e| wkh pdunhw 481
Zh fdq vlpsoli| frqglwlrq +:, dqg rewdlq=
48E￿ n 8￿ ￿ 4f￿
Wr vxppdul}h/ wkh edqnv* vrxufh ri ixqglqj sureohp uhgxfhv wr wkh txhv0
wlrq ri zkhwkhu dqg e| krz pxfk wr h{sdqg ohqglqj fdsdflw| e| udlvlqj pruh
fdslwdo1 Iru dq K0edqn pdqdjhu qhz htxlw| lvvxhv duh frvwo| vlqfh wkh pdunhw
whqgv wr xqghuydoxh K0edqn vwrfnv1 Wkxv/ dq K0edqn pdqdjhu zloo lvvxh qhz
htxlw| rqo| li wkh h{shfwhg uhwxuq rq qhz ordqv rxwzhljkv wkh gloxwlrq frvw
ri htxlw|1
8 Sduwldo htxloleulxp lq wkh edqnlqj vhfwru
Lq wklv vhfwlrq zh hvwdeolvk h{lvwhqfh ri d Ed|hvldq0Qdvk Htxloleulxp lq wkh
edqnlqj vhfwru/ zkhuh edqnv duh sod|lqj d vhtxhqwldo jdph zlwk wkh iroorzlqj
wlplqj=
4;41 Lq d ￿uvw vwdjh/ edqnv ri hdfk w|sh vhw wkh ohqglqj whupv wkh| duh zloolqj
wr r￿hu wr ￿upv/ +M ’ i-
￿
|EM￿j/ +u ’ i-
￿
|Eu￿j/ zkhuh | ’ ￿c2 dqg
￿ ’ ZMcZ u1 Wkhq wkrvh ￿upv zkr suhihu edqn ohqglqj dsso| iru ordqv1
Li dq O0Ilup dssolhv wr dq K0edqn lw*v dssolfdwlrq lv wxuqhg grzq1 Dq
O0￿up zkrvh dssolfdwlrq kdv ehhq ghqlhg fdq dsso| wr dqrwkhu edqn
xqwlo lw ￿qgv d edqn wkdw lv zloolqj wr ohqg451
51 Lq d vhfrqg vwdjh/ edqnv ghflgh krz wr vwuxfwxuh wkhlu dvvhw sruwirolr1
Lq sduwlfxodu/ wkh| pxvw ghflgh zkdw sursruwlrq ri dydlodeoh ixqgv wr
lqyhvw lq qhz ordqv dqg zkdw sursruwlrq lq wuhdvxu| eloov ru erqgv461
61 Ilqdoo|/ edqnv fkrrvh wkh dprxqw ri qhz htxlw| wkh| zdqw wr lvvxh1
Wkh dprxqw ri wrwdo fdslwdo wkh| hqg xs zlwk/ ￿ n 8 ghwhuplqhv wkhlu
wrwdo ohqglqj fdsdflw|1 Zh dvvxph wkdw edqnv fkrrvh dq dprxqw ri




/ zkhuh 8￿4 4 7 1
+Vhh Iljxuh 5 iru dq looxvwudwlrq ri wkh wlph olqh,1
Vhyhudo uhpdunv duh lq rughu derxw wklv jdph1
Iluvw/ wklv lv d sulfh vhwwlqj jdph dprqj +srwhqwldoo|, fdsdflw| frq0
vwudlqhg ￿qdqfldo lqwhuphgldulhv1 Wkhuh duh d qxpehu ri srwhqwldo gl!fxowlhv
zlwk dqdo|vlqj vxfk jdphv1 Iru h{dpsoh/ ￿upv dsso|lqj iru d ordq dw d edqn
r￿hulqj ehwwhu whupv wkdq rwkhuv duh qrw vxuh wr jhw d ordq vlqfh wkh edqn
pd| kdyh d olplwhg ohqglqj fdsdflw| dqg wkhuh duh wrr pdq| dssolfdqwv1 Vr/
rqh gl!fxow txhvwlrq lq wklv vhw0xs lv wr ghwhuplqh krz ￿upv vkrxog uhvsrqg
wr d pruh dwwudfwlyh r￿hu1 Dqrwkhu gl!fxow sureohp lv wkh fkdudfwhul}dwlrq
ri d edqn*v ehvw uhvsrqvh ixqfwlrq lq vwdjh 41
45Zh dvvxph wkdw d ￿up wkdw kdv ehhq ghqlhg fuhglw lv lqglvwlqjxlvkdeoh iurp d ￿uvw
dssolfdqw1 Dq dssolfdqw wkdw kdv ehhq ghqlhg fuhglw fdqqrw frppxqlfdwh wkdw lqirupdwlrq
wr rwkhuv1
46Lq wkh devhqfh ri dq| uhjxodwlrq edqqlqj htxlw| lqyhvwphqwv e| edqnv/ lw lv frqfhlydeoh
wkdw edqnv pd| zdqw wr lqyhvw lq ￿upv e| wdnlqj dq htxlw| vwdnh udwkhu wkdq e| zulwlqj
d ghew frqwudfw1 Krzhyhu/ lq rxu prgho wklv lv qrw wkh fdvh1 Iluvw/ d edqn fdq dozd|v
uhsolfdwh dq htxlw| vwdnh e| zulwlqj d ghew frqwudfw zlwk wkh vdph uhsd|phqw vwuhdp dv
glylghqgv1 Vhfrqg/ d edqn*v lqirupdwlrqdo dgydqwdjh ryhu rwkhu lqyhvwruv lq sulflqj htxlw|
lv wkh vdph dv lwv* lqirupdwlrqdo dgydqwdjh lq ohqglqj wr ￿upv1
47Zh mxvwli| wkh h{lvwhqfh ri dq xsshu erxqg rq I ehfdxvh ri wkh iroorzlqj srwhqwldo
lqfhqwlyh sureohp ehwzhhq edqn pdqjhuv dqg edqn vkduhkroghuv= li wkh edqn udlvhv dq
dprxqw vxshulru wr ￿ I wkhq edqn pdqdjhuv zrxog kdyh dq lqfhqwlyh wr xvh wkh prqh|
wkh| froohfw lq wkhlu rzq lqwhuhvw/ ehfdxvh wkh h{shfwhg sulydwh ehqh￿wv iru wkh pdqdjhuv
rxwzhljkwv wkh rssruwxqlw| frvw ri wkhlu orvv lq uhsxwdwlrq/ zkloh vkdyh0kroghuv prqlwrulqj














Vhfrqg/ wkh jdph edqnv sod| khuh dovr kdv hohphqwv ri d pxowlglphqvlrqdo
vljqdoolqj jdph/ vlqfh edqnv pd| vljqdo wkhlu w|sh hlwkhu wkurxjk wkhlu whupv
ri ohqglqj + ru wkurxjk wkh dprxqw ri htxlw| wkh| lvvxh 81 Djdlq/ wkhuh duh
srwhqwldo gl!fxowlhv dvvrfldwhg zlwk wkh dqdo|vlv ri vxfk pxowlglphqvlrqdo
vljqdoolqj jdphv1
Ehiruh ghvfulelqj wklv htxloleulxp lq juhdwhu ghwdlo zh qhhg wr jlyh d pruh
suhflvh gh￿qlwlrq1
Gh￿qlwlrq 9 D Ed|hvldq0Qdvk Htxloleulxp lq wkh edqnlqj vhfwru lv fkdudf0
whul}hg e|=
￿ edqnv* ehvw sulflqj vwudwhjlhv dw vwdjh ￿/ +Mc+u1
￿ edqnv* ehvw lqyhvwphqw vwudwhjlhv dw vwdjh 2
￿ edqnv* ehvw htxlw| lvvxh vwudwhjlhv dw vwdjh ￿/ 8 ￿ 5 dfc8o/ ￿ ’ Mcu 1
￿ Wkh frqglwlrqdo eholhiv ri wkh fdslwdo pdunhw derxw wkh edqn*v w|sh/
EBME+c8￿ dqg BuE+c8￿￿￿
Hdfk edqn w|sh*v htxloleulxp vwudwhj| pxvw eh d ehvw uhvsrqvh wr wkh
rwkhu edqnv* htxloleulxp vwudwhjlhv/ jlyhq wkh pdunhw*v frqglwlrqdo eholhiv1
Pruhryhu/ wkh pdunhw*v frqglwlrqdo eholhiv pxvw eh frqvlvwhqw zlwk Ed|hvldq
xsgdwlqj1
Wkh rqo| sxuh vwudwhj| Ed|hvldq0Qdvk htxloleuld zh rewdlq duh srrolqj
htxloleuld/ zkhuh erwk w|shv ri edqnv r￿hu wkh vdph ohqglqj whupv/ +M ’
+u ’ +/ dqg erwk w|shv ri edqnv pdnh wkh vdph htxlw| lvvxh ghflvlrqv/
8 M ’ 8 u ’ 81 Lq dq| ri wkhvh htxloleuld/ qhlwkhu ￿upv qru htxlw| lqyhvwruv
duh deoh wr lghqwli| d edqn*v w|sh iurp lw*v ohqglqj srolf|1 Dv xvxdo/ vxfk d
53srrolqj htxloleulxp fdq eh vxssruwhg e| rxw0ri0htxloleulxp eholhiv vxfk wkdw
BMEf +c e 8￿’fdqg BuEf +c e 8￿ ’￿iru doo f + 9’ + dqg e 8 9’ 81 Lq dgglwlrq/ d
pl{hg vwudwhj| vhpl0vhsdudwlqj htxloleulxp h{lvwv li wkh uhwxuq ri dq O0edqn
lv doorzhg wr eh qhjdwlyh/ zklfk lv wkh fdvh xqghu rxu dvvxpswlrqv481
Lq rughu wr ghwhuplqh wkh htxloleuld ri wklv jdph/ zh surfhhg edfnzdugv
lq wzr vwhsv1 Iluvw zh ￿{ edqnv* ohqglqj whupv + dqg ghwhuplqh d edqn*v
htxloleulxp htxlw| lvvxh jlyhq +1 Qrwh wkdw rqfh wkh ohqglqj whupv + kdyh
ehhq ￿{hg d edqn*v h{shfwhg uhwxuq shu ordq lv jlyhq e|/ htxdwlrqv 5 dqg 61
Lq ghulylqj wkh edqn*v htxloleulxp htxlw| lvvxh zh dvvxph wkdw wkh edqn
lv deoh wr ohqg doo lwv* dydlodeoh ixqgv dw dq h{shfwhg uhwxuq shu ordq ri 4M
iru dq K0edqn dqg 4u iru dq O0edqn1
Lq d vhfrqg vwhs zh ghwhuplqh wkh whupv +W zkhuh wkh djjuhjdwh vxsso|
ri edqn fuhglw lv htxdo wr djjuhjdwh ghpdqg iru edqn ordqv1 Dw wkhvh whupv
hdfk edqn lv mxvwl￿hg lq dvvxplqj wkdw lw lv deoh wr ohqg doo lwv* dydlodeoh
ixqgv1 Wklv +W lv wkhq d ixoo jhqhudo htxloleulxp li qhlwkhu dq K0edqn qru dq
O0edqn kdyh dq lqfhqwlyh wr ghyldwh e| r￿hulqj gl￿huhqw whupv491
Lq wklv vhfwlrq zh irfxv rq wkh htxlw| lvvxh ghflvlrq dqg frqvlghu rqo| wkh
sduwldo htxloleulxp lq wkh edqnlqj vhfwru iru d ￿{hg +1 Zh ghdo zlwk wkh
fkrlfh ri +W lq wkh qh{w vhfwlrq/ zkhuh zh frqvlghu wkh jhqhudo htxloleulxp
lq wkh fdslwdo pdunhw1 Vr/ iru qrz zh wdnh dq duelwudu| + dqg ghwhuplqh
wkh +srrolqj, ehvw0uhvsrqvh dw vwdjh 4 jlyhq +1 Dv h{sodlqhg deryh/ zh vkdoo
ghulyh wklv ehvw uhvsrqvh 8E+￿ e| ￿{lqj rxw0ri htxloleulxp eholhiv vxfk wkdw
BME+c e 8￿ ’fdqg BuE+c e 8￿ ’￿iru doo e 8 9’ 8E+￿1
Dv rqh pljkw h{shfw/ ehfdxvh rxw ri htxloleulxp eholhiv fdq eh fkrvhq
duelwudulo|/ zh pd| rewdlq lq￿qlwho| pdq| srrolqj htxloleuld1 Wkh rqh zh
vlqjoh rxw lv wkh ehvw srrolqj htxloleulxp iru dq K0Edqn1 Wkdw lv/ zh irfxv
rq wkh htxloleulxp zkhuh/ iru d jlyhq +/ wkh dprxqw ri htxlw| lvvxhg/ 8/l v
rswlpdo iru K0edqnv +jlyhq wkdw O0edqnv plplfn wklv fkrlfh dqg/ wkxv/ gloxwh
wkh ydoxh ri K0edqnv* htxlw|,14: Lw wxuqv rxw wkdw wkh rswlpdo htxlw| lvvxh
48Qrwh wkdw wkh wlplqj ri pryhv vshfl￿hg khuh lv fuxfldo wr rewdlq vhpl0vhsdudwlqj htxl0
oleuld1 Li wkh edqn*v lqyhvwphqw fkrlfh zdv pdgh dw d odwhu vwdjh ru zdv qrw revhuydeoh/
O0edqnv zrxog lqyhvw lq erqgv dqg rewdlq dw ohdvw d }hur uhwxuq1 Wklv zrxog wkhq xsvhw
wkh vhplvhsdudwlqj htxloleulxp1
49Dqrwkhu qhfhvvdu| frqglwlrq wr rewdlq dq htxloleulxp lv wkdw wkh ghpdqg iru edqn
ordqv e| K0￿upv lv juhdwhu wkdq ru htxdo wr wkh wrwdo vxsso| ri edqn fuhglw e| K0edqnv1
Dv orqj dv wkh sursruwlrq ri K0edqnv lv vpdoo hqrxjk dqg wkh sursruwlrq ri K0￿upv kljk
hqrxjk wklv frqglwlrq zloo dozd|v eh vdwlv￿hg1
4:Qrwh wkdw d frpprq uh￿qhphqw fulwhulrq/ vxfk dv Fkr dqg Nuhsv* lqwxlwlyh fulwhulrq
zrxog vhohfw wklv htxloleulxp ryhu doo rwkhu srrolqj htxloleuld lq rxu jdph +vhh Fkr dqg
54iru K0edqnv lq d srrolqj htxloleulxp lv hlwkhu f ru 81 Wklv lv hvwdeolvkhg lq
wkh iroorzlqj ohppd=
Ohppd : Iru d jlyhq shufhlyhg uhwxuq 48/ wkh rswlpdo htxlw| lvvxh iru dq
K0edqn jlyhq ohqglqj whupv + lv hlwkhu 8 li 48 lv srvlwlyh/ f li 48 lv qhjdwlyh/
ru xqghwhuplqhg li 48 ’f 1
Surri1 Vhh dsshqgl{1
Lq oljkw ri ohppd :/ zh duh deoh wr ghulyh d sduwlfxoduo| vlpsoh djjuhjdwh
edqn0fuhglw vxsso| vfkhgxoh1 Ehorz d jlyhq fxw0r￿ 4￿
M fkrrvlqj 8 ’ f lv wkh
ehvw uhvsrqvh iru K0edqnv1 Li zh ghqrwh e| ￿ wkh wrwdo qxpehu ri K0edqnv
dqg 6 wkh wrwdo qxpehu ri O0edqnv wkhq wkh wrwdo vxsso| ri ixqgv iurp wkh
edqnlqj vhfwru iru 4M ￿ 4￿
M lv E￿ n 6￿
￿
V1 Vlploduo|/ deryh d fxw0r￿ 42
M dq
htxlw| lvvxh 8 ’ 8 lv wkh ehvw uhvsrqvh iru K0edqnv1 Wkhq wkh wrwdo vxsso| ri
edqn fuhglw pd| eh E￿n6￿￿n8
V 1 Wkh qh{w sursrvlwlrq hvwdeolvkhv wkdw 42
M ￿
4￿
Mc vr wkdw pxowlsoh htxloleuld pd| h{lvw rq wkh lqwhuydo d42
Mc4 ￿
Mo1 Wkhuh pd|
wkhq eh pxowlsoh srrolqj htxloleuld dv zhoo dv d vhplvhsdudwlqj htxloleulxp
lq zklfk K0edqnv duh lqgl￿huhqw ehwzhhq vhwwlqj 8 ’ 8 ru 8 ’ f> rqo| d
iudfwlrq ri K0edqnv fkrrvh 8 ’ 8 zkloh doo O0edqnv fkrrvh 8 ’ 81L qw k l v
vhplvhsdudwlqj htxloleulxp wrwdo edqn fuhglw vxsso| olhv ehwzhhq E￿ n 6￿￿
V
dqg E￿ n6￿￿n8
V / zlwk wkh iudfwlrq ri K0edqnv fkrrvlqj 8 ’ 8 ehlqj fkrvhq
vr wkdw djjuhjdwh edqn fuhglw vxsso| htxdov djjuhjdwh ghpdqg1
Sursrvlwlrq ; Ohw 48 ’ BME+c 8￿4M n BuE+c 8￿4u ghqrwh wkh htxlw| pdu0
nhw*v htxloleulxp h{shfwhg uhwxuq shu ordq ri d edqn lvvxlqj qhz htxlw| zruwk
81 Dqg ohw rxw0ri0htxloleulxp eholhiv eh vxfk wkdw BME+c e 8￿’fdqg BuE+c e 8￿ ’
￿ iru doo e 8 9’ 8E+￿1
Wkhq wkh djjuhjdwh srrolqj edqn0fuhglw vxsso| ixqfwlrq [E￿ lv=
[E4M￿’E ￿n6 ￿
￿










VcE￿ n 6￿￿n 7 8
V
l













Wkh vrxufh ri pxowlsolflw| ri htxloleuld lq wkh lqwhuydo d42
Mc4 ￿
Mo lv/ dv lq
doo vljqdoolqj jdphv/ gxh wr wkh ghjuhh ri iuhhgrp lq vshfli|lqj ri rxw0ri0
htxloleulxp eholhiv4;1 Dq htxloleulxp ehvw0uhvsrqvh ri 8 lv vxssruwhg e|
rxw0ri0htxloleulxp eholhiv BME+c e 8￿ ’fdqg BuE+c e 8￿ ’￿iru doo e 8 9’ 8>l q
sduwlfxodu/ BME+c e 8￿ ’fdqg BuE+c e 8￿ ’￿iru 8 ’f 1 Rq wkh rwkhu kdqg/
dq htxloleulxp ehvw0uhvsrqvh ri f lv vxssruwhg e| rxw0ri0htxloleulxp eholhiv
BME+c e 8￿ ’fdqg BuE+c e 8￿ ’￿iru doo e 8 9’ f> lq sduwlfxodu/ BME+c e 8￿ ’f
dqg BuE+c e 8￿ ’￿iru 8 ’ 81 Jlyhq wkdw zh kdyh gl￿huhqw rxw0ri htxloleulxp
eholhiv vxssruwlqj hdfk htxloleulxp lw lv qrw hqwluho| vxusulvlqj wkdw zh vkrxog
rewdlq wzr fxw0r￿v 4￿
M :4 2
M1
Rqh uhvsrqvh wr wklv uhvxow frxog eh wkdw htxloleulxp lv uhdoo| xqltxh
rqfh d frpsohwh wkhru| iru eholhi irupdwlrq dqg xsgdwlqj lv irupxodwhg1 Lq0
ghhg/ wklv lv krz Vshqfh xqghuvwrrg vljqdoolqj htxloleuld lq wkh ￿uvw sodfh1
Zh idyrxu vxfk dq lqwhusuhwdwlrq dqg zrxog olnh wr dujxh wkdw wkh rxw0ri0
htxloleulxp eholhiv vxssruwlqj wkh uhvshfwlyh htxloleuld zkhuh 8 ’ f dqg
8 ’ 8 duh qdwxudo vlqfh lq hdfk htxloleulxp O0edqnv jdlq pruh iurp d ghyl0
dwlrq wkdq K0edqnv iru dq| jlyhq pdunhw eholhiv1
Wkh djjuhjdwh edqn0fuhglw vxsso| vfkhgxoh lv uhsuhvhqwhg lq wkh ￿jxuh
ehorz1 Lq wkh qh{w vhfwlrq zh surylgh vx!flhqw frqglwlrqv xqghu zklfk qhl0
4;Li ￿O ￿ 3 zh kdyh ￿I A 3 dqg wkh pl{hg vwudwhj| vhplvhsdudwlqj htxloleulxp glv0
dsshduv1 Lq wkdw fdvh wkh htxloleulxp vhw rqo| frqwdlqv wkh wzr srrolqj htxloleuld1 Wkh
djjuhjdwh edqn fuhglw vxsso| fruuhvsrqghqfh lv wkhq glvfrqwlqxrxv/ jlylqj ulvh srwhqwldoo|
wr sureohpv ri h{lvwhqfh ri htxloleulxp1
56wkhu K0edqnv qru O0edqnv jdlq iurp ghyldwlqj iurp wkh htxloleulxp vwudwhj|
i+Wc8E+W￿j e| vhwwlqj gl￿huhqw ohqglqj whupv1
9 Jhqhudo Htxloleulxp lq wkh fdslwdo pdunhw
Lq wklv vhfwlrq zh surylgh vx!flhqw frqglwlrqv iru wkh h{lvwhqfh ri htxloleulxp
ohqglqj whupv/ +W/ ru E4W
Mc4 W
u￿/vxfk wkdw=
41 wkh djjuhjdwh ghpdqg iru edqn fuhglw lv htxdo wr djjuhjdwh vxsso|=
[E4
W






51 qhlwkhu K0edqnv qru O0edqnv kdyh dq lqfhqwlyh wr ghyldwh lq hlwkhu
vwdjh 4/ e| r￿hulqj gl￿huhqw whupv + 9’ +W/ ru lq vwdjh 5/ e| pdnlqj





M wkhq d jhqhudo +srrolqj, htxloleulxp h{lvwv dv orqj
dv qhlwkhu w|sh ri edqn kdv dq lqfhqwlyh wr ghyldwh e| r￿hulqj gl￿huhqw ohqglqj
whupv1 Zkhq rxw0ri0htxloleulxp eholhiv duh vxfk wkdw BME+c8E+W￿￿ ’ f dqg
BuE+c8E+W￿￿ ’ ￿ iru doo + 9’ +W/ wkhq ghyldwlrq grhv qrw sd| iru hlwkhu
w|sh ri edqn li wkh iroorzlqj frqglwlrq krogv=
￿DGE D￿e D ￿d-
M






E￿ ￿ e D￿d4M ￿ ZER￿￿ n￿￿￿ o
￿
V
Wkh OKV ri ￿D lv wkh pd{lpxp jdlq iru dq O0edqn ri d ghyldwlrq= e|
voljkwo| xqghufxwwlqj +W wkh O0edqn lv deoh wr lpsuryh wkh dyhudjh txdolw|
ri lw*v ordq dssolfdqwv iurp d sursruwlrq e D ri K0￿upv wr d sursruwlrq D dqg/
wkxv/ wr udlvh lwv* sd|r￿1 Wkh UKV lv wkh plqlpxp frvw wr dq O0edqn iurp
vxfk d ghyldwlrq= lw uhsuhvhqwv wkh fdslwdo orvv rq lwv* htxlw| iurp ehlqj
lghqwl￿hg dv dq O0edqn1
Wklv frqglwlrq lv vx!flhqw wr jxdudqwhh h{lvwhqfh ehfdxvh zkhq lw krogv
qhlwkhu O0edqnv qru K0edqnv kdyh dq lqfhqwlyh wr ghyldwh1 E| frqvwuxfwlrq
K0edqnv fkrrvh wkh htxloleulxp ohqglqj whupv/ +W/ vr wkdw wkh| zrxog eh
zruvh r￿ ghyldwlqj1 Xqghu dvvxpswlrq ￿D xqghufxwwlqj fdqqrw ehqh￿w O0
edqnv hlwkhu1
57Iru dq| jlyhq htxloleulxp edqn vsuhdg/ 4W
M/ ￿upv duh vruwhg lqwr wkh
gl￿huhqw R￿￿fodvvhv/ zlwk vrph R￿￿￿upv ehlqj ghqlhg fuhglw4</ rwkhuv ehlqj
￿qdqfhg e| edqnv/ vrph lvvxlqj htxlw|/ dqg wkh ohdvw ulvn| rqhv lvvxlqj rqo|
erqgv1
Li wkhuh lv dq h{fhvv vxsso| ri ordqdeoh ixqgv/ 4M zloo eh }hur dqg doo ￿upv
zloo eh ￿qdqfhg e| edqnv1 Exw dv vrrq dv wkhuh lv d srvlwlyh vsuhdg lq wkh
fuhglw pdunhw/ wkh ehvw ￿upv suhihu wr lvvxh sxeolf ghew1 Khqfh/ h{fhsw zkhq
edqn vsuhdgv duh htxdo wr }hur zh dozd|v kdyh edqn ordqv dorqjvlgh erqg
dqg htxlw| ￿qdqflqj lq htxloleulxp1
: Jhqhudo Lpsolfdwlrqv
Dowkrxjk wkh sulpdu| dlp ri rxu sdshu lv wr surylgh d prgho ri htxloleulxp lq
fuhglw dqg vhfxulwlhv pdunhwv wkdw lv frqvlvwhqw zlwk wkh nqrzq vw|ol}hg idfwv
derxw wkh lqwhudfwlrq ehwzhhq wkh ￿qdqfldo dqg uhdo vhfwruv/ d vhfrqgdu| re0
mhfwlyh lv wr dovr eulh | vshoo rxw wkh lpsolfdwlrqv ri rxu dqdo|vlv iru prqhwdu|
srolf| dqg edqn uhjxodwlrq1
:14 Prqhwdu| Srolf|
Wr xqghuvwdqg wkh h￿hfwv ri prqhwdu| srolf| rq wkh uhdo vhfwru lq rxu prgho
lw lv khosixo wr wklqn ri wkh yduldqw ri rxu prgho zkhuh ghsrvlwv duh lqwhuhvw
lqhodvwlf dqg zkhuh edqnv* ohqglqj lv frqvwudlqhg qrw rqo| e| wkhlu htxlw| edvh
exw dovr e| wkhlu ￿qdqfldo vodfn/ ghqrwhg khuh e| 7531 Lq wklv yduldqw ri rxu
prgho prqhwud| srolf| wkurxjk rshq pdunhw rshudwlrqv zrunv e| fkdqjlqj
edqnv* ￿qdqfldo vodfn ru oltxlglw|541
Wkh h￿hfwv ri d fkdqjh lq prqhwdu| srolf| rq edqn ohqglqj dqg djjuhjdwh
dfwlylw| wkhq ghshqg rq zkhwkhu lw lqgxfhv d fkdqjh lq edqnv* htxlw| lvvxh
ghflvlrqv1
4<Wklv grhv qrw phdq wkdw wkh| duh ￿udwlrqhg￿= vlpso| wkh| gr qrw kdyh hqrxjk fdvk
 rzv wr r￿hu lq h{fkdqjh iru fuhglw xqghu wkh suhydlolqj lqirupdwlrq vwuxfwxuh iru wkh
ohqghuv1
53Vhh wkh glvfxvvlrq lq vhfwlrq 7/ iru d eurdg gh￿qlwlrq ri d edqn*v ￿qdqfldo vodfn1
54Lq wkh yduldqw zlwk shuihfwo| hodvwlf ghsrvlwv/ edqnv qhyhu kdyh oltxlglw| vkruwdjhv1 Lq
wklv fdvh prqhwdu| srolf| fdq rqo| eh xqghuvwrrg dv d srolf| ri sxfkdvlqj pruh ru ohvv
h{lvwlqj ordqv lq wkh vhfrqgdu| pdunhw iru edqn ordqv1 Zkloh fhqwudo edqnv kdyh ehhq
frqgxfwlqj prqhwdu| srolf| wkurxjk wklv fkdqqho lq wkh sdvw/ wklv lv qr orqjhu d fhqwudo
lqvwuxphqw ri prqhwdu| srolf| lq prvw hfrqrplhv1
58Zkhq d fkdqjh lq prqhwdu| srolf| grhv qrw lpso| d vzlwfk iurp dq
htxloleulxp zlwk 8 W ’ f wr rqh zlwk 8W ’ 8 / prqhwdu| srolf| kdv doo
wkh h{shfwhg h￿hfwv rq edqn ohqglqj dqg uhdo dfwlylw|= dq h{sdqvlrq ri wkh
prqhwdu| edvh wkurxjk rshq pdunhw rshudwlrqv lqfuhdvhv wkh oltxlglw| ri wkh
edqnlqj vhfwru 7 dqg djjuhjdwh vxsso| ri fuhglw1 Dv d uhvxow/ wkh htxloleulxp
vsuhdg ghfuhdvhv1 Lq rxu prgho/ wkh ghfuhdvh lq lqwhuhvw udwhv pdlqo| uhvxowv
lq dq lqfuhdvh lq ohqglqj wr wkh ulvnlhvw ￿upv lq wkh hfrqrp|1
Wkh suhglfwlrq wkdw wkh vsuhdg +dqg h{whuqdo ￿qdqfh suhplxp, ghfuhdvhv
lq uhvsrqvh wr d prqhwdu| h{sdqvlrq lv lq olqh zlwk wkh vr fdoohg prqh|0ylhz1
Exw rxu h{sodqdwlrq gl￿huv iurp wkdw ylhz lq suhglfwlqj wkdw prqhwdu| srolf|
prvwo| d￿hfwv wkh vpdoohvw/ |rxqjhvw ru ulvnlhvw ￿upv/ zklfk uho| rq edqn
ohqglqj1
Wklv odwwhu suhglfwlrq lv frqvlvwhqw zlwk wkh hpslulfdo hylghqfh ri Jhuwohu
dqg Jlofkulvw +4<<7,/ zkr irxqg wkdw vpdoo ￿upv* lqyhqwru| lqyhvwphqw lv vlj0
ql￿fdqwo| pruh vhqvlwlyh wr prqhwdu| srolf| wkdq rwkhu irupv ri lqyhvwphqw1
Lw lv dovr frqvlvwhqw zlwk wkh uhvxowv ri Rolqhu dqg Uxghexvk +4<<7, zkr lghq0
wli| odujh gl￿huhqfhv lq uhvsrqvhv wr prqhwdu| vkrfnv dffurvv gl￿huhqw vl}h
fodvvhv ri ￿{hg lqyhvwphqw1 Rxu prgho fdq h{sodlq zk| wkh h￿hfw ri prqh0
wdu| vkrfnv rq vpdoo ￿upv* lqyhvwphqw whqgv wr eh odujhu1 Dv Ehuqdqnh dqg
Jhuwohu +4<<8, kdyh dujxhg wkhvh revhuydwlrqv fdqqrw eh h{sodlqhg hqwluho|
wkurxjk fkdqjhv lq lqwhuhvw udwhv1
Wkh pdlq qryho lpsolfdwlrqv ri rxu dqdo|vlv/ krzhyhu/ frqfhuq wkh h￿hfwv
ri prqhwdu| vkrfnv zkhq wkh| lqgxfh d vzlwfk lq wkh w|sh ri htxloleulxp1
Wklv zloo rffxu zkhq lq d 8 W ’ f srrolqj htxloleulxp wkh h{whuqdo ￿qdqfh
suhplxp 4M ulvhv deryh 4￿
M dqg zkhq lq d 8 W ’ 7 8 srrolqj htxloleulxp wkh
h{whuqdo ￿qdqfh suhplxp idooveh o r z4 2
M1 Wkh ryhudoo h￿hfw fdq eh hvwdeolvkhg
vlpso| e| dqdo|}lqj Iljxuh 51 Frqvlghu ￿uvw d wljkwhqlqj ri prqhwdu| srolf|
vwduwlqj iurp dq htxloleulxp zlwk 8 W ’ f1 Wkh lqfuhdvh lq wkh htxloleulxp
vsuhdg wkdw uhvxowv pd| wuljjhu d fkdqjh lq wkh htxloleulxp iurp 8 W ’ f wr
8W ’ 8/ r￿vhwwlqj wkh wljkwhqlqj h￿hfw ri prqhwdu| srolf|1 Ylfh yhuvd zkhq
wkh lqlwldo srvlwlrq lv dq htxloleulxp zlwk 8 W ’ 7 8/ dqg prqh| vxsso| lq0
fuhdvhv/ wkhq dv d uhvxow ri wkh h{sdqvlrq ri wkh prqhwdu| edvh 4M ghfuhdvhv
dqg edqnv pd| eh lqgxfhg wr vzlwfk wr dq htxloleulxp zlwk d vpdoohu ht0
xlw| edvh e| ex|lqj edfn rxwvlgh htxlw|/ wkxv djdlq r￿vhwwlqj wkh h￿hfwv ri
prqhwdu| srolf|1 Lq vxp/ wkh h￿hfwv ri prqhwdu| srolf| frxog eh +sduwldoo|,
uhyhuvhg zkhq lw ohdgv wr fkdqjhv lq htxlw| lvvxhv e| edqnv/ ru pruh jhqhudoo|
wr fkdqjhv lq ohqglqj fdsdflw| h{sdqvlrq ghflvlrqv1
Wkh idfw wkdw wkh htxloleulxp lv qrw xqltxh pd| dovr ohdg wr dqrwkhu lqwhu0
59hvwlqj lqvljkw rq wkh fuhglw pdunhw1 Zlwk wkh vdph sdudphwhu frqvwhoodwlrq
zh pd| rewdlq dq htxloleulxp zlwk 8 W ’ f ru 8 W ’ 7 81 Wkdw lv/ wzr rwk0
huzlvh lghqwlfdo hfrqrplhv pd| hqg xs lq wzr gl￿huhqw htxloleuld/ rqh zlwk
d orz fuhglw vxsso| dqg d kljk h{whuqdo ￿qdqfh suhplxp/ wkh rwkhu zlwk d
kljk fuhglw vxsso| dqg d orz h{whuqdo ￿qdqfh suhplxp1 Lq wklv pxowlsoh0
htxloleulxp vfhqdulr zh frxog lqwhusuhw wkh 8 W ’ f srrolqj htxloleulxp dv
rqh h{klelwlqj d fuhglw fuxqfk vlqfh wkh vwdwh ri wkh hfrqrp| lv frpsdwleoh
zlwk dq htxloleulxp zlwk pruh edqn ohqglqj dqg pruh idyrudeoh fuhglw whupv1
Dv dujxhg e| Ehuqdqnh dqg Orzq +4<<4,/ wkh vrxufh ri d fuhglw fuxqfk lv wkh
odfn ri fdslwdo1 \hw lq rxu ylhz/ lw lv qrw rqo| ulvn edvhg fdslwdo uhjxodwlrq
wkdw pd| wuljjhu d fuhglw fuxqfk exw dovr wkh gloxwlrq frvw ri lvvxlqj htxlw|
wkdw K0edqnv idfh1
D vhfrqg dvshfw ri prqhwdu| srolf| rxu prgho vkhgv oljkw rq frqfhuqv
wkh uroh ri uhvhuyh uhtxluhphqwv1 Lq d Prgljoldql0Ploohu zruog zkhuh edqnv
duh deoh wr rewdlq dgglwlrqdo ixqglqj dw qr frvw/ uhvhuyh uhtxluhphqwv fdq
rqo| eh lqwhusuhwhg dv d wd{1 Exw lq d zruog lq zklfk rxwvlgh htxlw| kdv d
+gloxwlrq, frvw/ uhvhuyh uhtxluhphqwv duh d zd| ri lq xhqflqj wkh dprxqw ri
oltxlglw| 7 ri edqnv1 Iurp wklv shuvshfwlyh/ h{fkdqjlqj uhvhuyh uhtxluhphqwv
iru dq h{solflw wd{ +vd| rq ghpdqg ghsrvlwv, frxog uhgxfh wkh vhw ri uhjxodwru|
lqvwuxphqwv dydlodeoh wr uhjxodwh wkh dprxqw ri fuhglw lq wkh hfrqrp|1
:15 Edqn Uhjxodwlrq
Lq rxu prgho lw lv h!flhqw iurp wkh srlqw ri ylhz ri doorfdwlyh h!flhqf|
iru doo ohqglqj dfwlylwlhv wr eh xqghuwdnhq e| K0edqnv/ vlqfh wkhvh edqnv
h!flhqwo| vfuhhq jrrg dqg edg ￿upv dqg vlqfh wkh| wdnh h!flhqw frqwlq0
xdwlrq2oltxlgdwlrq ghflvlrqv1 Hyhq wkrxjk wkh rzqhuv ri wkh surmhfwv zkr
zrxog kdyh fkrvhq d erqg lvvxh duh zruvh r￿ jhwwlqj d edqn ordq/ ryhudoo
hfrqrplf h!flhqf| lv lpsuryhg vlqfh wkhvh surmhfwv duh ohvv olnho| wr eh olt0
xlgdwhg suhpdwxuho| xqghu edqn ￿qdqflqj1 Wkxv/ li wkh edqnlqj v|vwhp lv
vx!flhqwo| vrxqg +wkdw lv/ frpsrvhg prvwo| ri K0edqnv,/ wkhuh pd| eh d
zhoiduh ehqh￿w lq vxevlgl}lqj wkh edqnlqj dfwlylw| wkurxjk/ vd|/ pdqgdwru|
ghsrvlw lqvxudqfh dqg orzhu fdslwdo dghtxdf| ru uhvhuyh uhtxluhphqwv1
Rq wkh rwkhu kdqg/ li wkh sursruwlrq ri O0edqnv lv odujh lw pd| eh lqh!0
flhqw wr vxevlgl}h edqnlqj li wkh frvwv lq whupv ri plvdoorfdwlrq ri lqyhvwphqw
ixqgv +ryhulqyhvwphqw lq edg ￿upv dqg xqghulqyhvwphqw lq jrrg ￿upv, h{0
fhhg wkh ehqh￿wv ri pruh h!flhqw uhvwuxfwxulqjv1 Wkxv/ wkh h{whqw wr zklfk
edqnlqj rxjkw wr eh vxevlgl}hg ru wd{hg pd| ghshqg rq rqh*v ylhz ri wkh
5:ryhudoo vrxqgqhvv ri wkh edqnlqj v|vwhp1 Krzhyhu/ li wkh uhvwuxfwxulqj ehq0
h￿wv duh odujh hqrxjk dqg li wkh gl￿huhqfh lq vfuhhqlqj delolw| lv qrw wrr
odujh wkhq lw pd| eh zhoiduh lpsurylqj wr vxevlgl}h edqnlqj hyhq zkhq wkh
sursruwlrq ri O0edqnv lv odujh1
Uhjxodwru| fkdqjhv vxfk dv lqfuhdvhv lq fdslwdo dghtxdf| uhtxluhphqwv/
+sduwldo ru wrwdo, vxssuhvvlrq ri ghsrvlw lqvxudqfh/ ru hyhq fhlolqjv rq wkh
uhpxqhudwlrq ri edqn ghsrvlwv whqg wr uhgxfh wkh ryhudoo vl}h ri wkh edqnlqj
vhfwru e| h￿hfwlyho| lqfuhdvlqj wkh frvwv ri udlvlqj ixqgv iru edqnv1 Dv d
uhvxow vxfk phdvxuhv whqg wr lqfuhdvh wkh frvw ri edqn ordqv +wkh htxloleulxp
vsuhdg, dqg wkh ryhudoo idloxuh udwh ri ￿upv lq wkh hfrqrp|/ dv pruh ￿upv
whqg wr jhw erqg ￿qdqflqj lqvwhdg ri edqn ￿qdqflqj1 Lq dgglwlrq/ vxfk
phdvxuhv pd| kdyh wkh h￿hfw ri vkxwwlqj rxw ri wkh fuhglw pdunhw d odujhu
dqg odujhu iudfwlrq ri ￿upv1 Wkh ￿upv wkdw duh olnho| wr eh vkxw rxw ri wkh
fuhglw pdunhw dowrjhwkhu duh wkrvh zklfk zrxog qrw eh ixqghg xqghu erqg ru
htxlw| ￿qdqflqj dqg zklfk zrxog rqo| rewdlq ixqglqj iurp d edqn li vsuhdgv
duh qrw wrr odujh1
Wkhvh uhjxodwlrqv pd| lpsuryh wkh vroyhqf| ri wkh edqnlqj v|vwhp e|
lqfuhdvlqj sur￿w pdujlqv iru edqnv/ exw wkh| gr qrw qhfhvvdulo| lpsuryh wkh
ryhudoo h!flhqf| ri wkh edqnlqj vhfwru e| uhgxflqj wkh sursruwlrq ri O0edqnv1
Wkh prvw gluhfw zd| ri lpsurylqj wkh h!flhqf| ri wkh edqnlqj vhfwru/ ri
frxuvh/ lv wr vwhs xs edqn udwlqj dfwlylwlhv dqg wkxv lghqwli| pruh suhflvho|
wkh w|shv ri lqglylgxdo edqnv1 Li edqn udwlqj lv ixoo| h￿hfwlyh wkhq qr ixuwkhu
vxssruwlqj uhjxodwlrq lv uhtxluhg lq rxu prgho1 Exw vlqfh lq sudfwlfh prql0
wrulqj ri edqnv lv xqolnho| wr zrun shuihfwo| wkhuh zloo lq jhqhudo eh d qhhg
iru ixuwkhu uhjxodwlrq1
Lw lv lqwhuhvwlqj wr frqwudvw wkhvh uhvxowv zlwk wkh zhoiduh lpsolfdwlrqv
ghulyhg lq wkh uhodwhg htxloleulxp prghov ri edqn ordq dqg erqg pdunhwv ri
Kropvwurp dqg Wluroh +4<<7, dqg Uhsxoor dqg Vxduh} +4<<7,1 Wkhvh prghov
duh exlow rq wkh lghd wkdw edqnv surylgh frvwo| prqlwrulqj vhuylfhv zkloh
erqg pdunhwv gr qrw1 Dv lq rxu prgho wkh fuhglw pdunhw htxloleulxp lq wkhvh
prghov pd| jhqhudwh dq lqh!flhqw pl{ ri erqg dqg edqn ￿qdqflqj/ li edqnv
duh lqlwldoo| fdslwdo frqvwudlqhg1 Lq wkhvh prghov edqn ohqglqj lv olplwhg e|
wkh edqn*v fdslwdo edvh vlqfh edqnv kdyh dq lqfhqwlyh wr prqlwru ￿upv rqo| li
hqrxjk ri wkhlu rzq fdslwdo lv dw vwdnh1 Xqiruwxqdwho|/ vlqfh edqn fdslwdo lv
h{rjhqrxvo| jlyhq dqg vlqfh edqnv fdqqrw lqfuhdvh wkhlu fdslwdo edvh wkurxjk
rxwvlgh htxlw| lvvxhv lq wkhvh prghov wkh rqo| uhjxodwru| uhvsrqvh wkdw fdq
eh frqvlghuhg lv d gluhfw uhfdslwdol}dwlrq e| wkh fhqwudo edqn1
5;; Frqfoxvlrq
Wklv sdshu sursrvhv d vlpsoh prgho ri wkh fdslwdo pdunhw dqg wkh lqwhudfwlrq
ehwzhhq wkh uhdo dqg ￿qdqfldo vhfwruv exlow durxqg wzr jhqhudo revhuydwlrqv=
l, ￿upv dv zhoo dv edqnv idfh dq lqirupdwlrqdo gloxwlrq frvw zkhq wkh| lvvxh
htxlw|> wkh| fdq uhgxfh wkdw frvw e| lvvxlqj erqgv ru wdnlqj rxw d edqn ordq
ll, edqn ohqglqj lv pruh  h{leoh dqg pruh h{shqvlyh wkdq erqg ￿qdqflqj +eh0
fdxvh ri lqwhuphgldwlrq frvwv,> dv d uhvxow/ rqo| wkrvh ￿upv zlwk d vx!flhqwo|
kljk ghpdqg iru  h{lelolw| fkrrvh edqn ohqglqj ryhu erqg ￿qdqflqj1
Wkhvh wzr revhuydwlrqv duh zlgho| dffhswhg dqg d jurzlqj erg| ri hpslu0
lfdo hylghqfh vxssruwv wkhvh wzr k|srwkhvhv1 Lw lv uhpdundeoh wkdw wkh vlpsoh
prgho ghyhorshg khuh/ zklfk devwudfwv iurp pdq| rwkhu uhohydqw frqvlghu0
dwlrqv jhqhudwhv txdolwdwlyh suhglfwlrqv derxw wkh htxloleulxp lq wkh fdsl0
wdo pdunhw dqg wkh h￿hfwv ri prqhwdu| vkrfnv rq wkh uhdo vhfwru zklfk duh
eurdgo| frqvlvwhqw zlwk doo wkh vw|ol}hg idfwv rq wkh h￿hfwv ri prqhwdu| srolf|
rq lqyhvwphqw dqg ￿up ￿qdqflqj xqfryhuhg e| uhfhqw hpslulfdo vwxglhv1
Wkh edvlf vwuxfwxuh ri wkh prgho sursrvhg khuh/ wkxv vhhpv wr eh d jrrg
edvlv iru h{sorulqj ixuwkhu wkh lqwhuidfh ehwzhhq frusrudwh ￿qdqflqj ghflvlrqv
dqg prqhwdu| srolf|1 Dq lpsruwdqw dyhqxh iru ixuwkhu uhvhdufk/ lq sduwlfxodu/
lv wr h{soruh lq juhdwhu ghwdlo wkh h￿hfw rq djjuhjdwh dfwlylw| ri fkdqjhv lq
edqn oltxlglw|1 Dqrwkhu lpsruwdqw gluhfwlrq wr h{soruh lv wr dgguhvv wkh
h￿hfwv ri gl￿huhqw irupv ri prqhwdu| srolf| rq wkh uhdo vhfwru lq d ixoo|
forvhg jhqhudo htxloleulxp prgho/ zklfk zrxog wudfh wkh h￿hfwv ri prqhwdu|
srolf| rq erwk ￿upv dqg krxvhkrogv1 Ilqdoo|/ dq lqwhuhvwlqj txhvwlrq wr
frqvlghu lv zkhwkhu wkh gl￿huhqw ryhudoo vwuxfwxuhv ri wkh ￿qdqfldo v|vwhpv ri
Jhupdq| ru Mdsdq yhuvxv wkh XV dqg XN kdyh lpsruwdqw frqvhtxhqfhv iru
krz prqhwdu| vkrfnv jhw wudqvplwwhg wr wkh uhdo vhfwru1
D Pdwkhpdwlfdo Dsshqgl{
Surri ri ohppd 6= Zh kdyh wr frpsduh wkh frvw ri ixqgv xqghu wkh wzr
￿qdqflqj prghv iru d ￿up wkdw kdv douhdg| lvvxhg wkh dprxqw ri ulvnohvv ghew
2Zu￿
Udlvlqj 4’ eh|rqg 2Zu frvwv
￿’R ￿nE￿ ￿R￿￿D￿g
vr wkdw wkh uhsd|phqw g kdv wr htxdo
￿
D￿ Wkh gloxwlrq frvw lv wkdw wkh
5<K0￿up kdv wr uhsd| g ￿ ￿c dq hyhqw wkdw rffxuv zlwk suredelolw| E￿ ￿ R￿￿







D E￿ ￿ D￿1
Rq wkh rwkhu kdqg/ iru d ￿up zlwk ghew 2Zu udlvlqj 4’ lq htxlw| lpsolhv
kdqglqj ryhu d shufhqwdjh {@ ri wkh ￿up*v htxlw| vxfk wkdw
￿ ’{@d R ￿E Z M￿Z u￿nDE Z M￿Z u￿o
zklfk iru dq K0￿up dprxqwv wr jlylqj xs
{ @dR￿ EZM ￿ Zu￿ nE Z M￿Z u￿o







Vlpsoli|lqj/ zh rewdlq wkdw udlvlqj htxlw| zlwk vdih ghew 2Zu lv grplqdwhg






wkdw lv/ l￿ D:￿￿R ￿1
Surri ri Sursrvlwlrq 7=
￿ Zh ￿uvw frpsxwh wkh pd{lpxp uhsd|phqw -￿ nZu iru zklfk wkh ￿up
idfhv qr ghidxow ulvn1 Zlwk suredelolw| ￿￿R￿ wkh ￿up kdv fdvk0 rz Zu
lq shulrg 4 dqg fdq udlvh dw prvw D EZM ￿ Zu￿ lq qhz erqgv wr fryhu
wkh fdvk vkruwidoo -￿ ￿Zu/ vr wkdw
D EZM ￿ Zu￿ ’ -￿ ￿ Zu +D4,
dqg wkh lqyhvwruv* }hur sur￿w frqglwlrq lv=
￿ U ’2 Z unR ￿E - ￿￿Z u￿nE ￿￿R ￿￿E - ￿￿Z u￿ +D5,
Dq M￿￿up*v sur￿w zkhq lvvxlqj d iudfwlrq @ ri htxlw| +dqg ￿ U lq
erqgv, wkhq lv=
‘. ’E ￿￿@ ￿E R ￿E Z M￿- ￿￿nR ￿E Z M￿Z u￿￿ +D6,
63uhsodflqj -￿ zh rewdlq=
‘. ’ E￿ ￿ @￿ R￿ E2 ￿ D￿EZ M ￿Z u￿ +D7,
zkhuh @ lv vxfk wkdw h{dfwo| wkh dgglwlrqdo dprxqw ￿ ￿ ￿ U lv udlvhg=
￿ ￿ ￿ U ’ @dR￿ EZM ￿ -￿￿ n R￿D EZM ￿ Zu￿o +D8,
Djdlq uhsodflqj -￿ zh rewdlq
￿ ￿ ￿ U ’ @dR￿ EZM ￿ Zu￿o +D9,
dqg wkhuhiruh/





￿ Dq K0￿up lvvxlqj erqgv kdv wr surplvh d uhsd|phqw -￿ lq shulrg 4
vxfk wkdw=
￿ ’ R￿-￿ nE ￿￿R ￿￿￿nZ u +D;,
Wkhuhiruh/ wkh M￿￿up*v sur￿wv xqghu erqg ￿qdqflqj duh=
‘￿ ’ R￿ EZM ￿ -￿￿ n R￿ EZM ￿ Zu￿ +D<,
Uhsodflqj -￿/ zh rewdlq=
‘￿ ’ 2R￿ EZM ￿ Zu￿ nE ￿￿R ￿￿E ￿￿Z u￿￿E￿ ￿ 2Zu￿ +D43,
￿ Wkh rswlpdo ixqglqj prgh lv wkhq ghwhuplqhg e| wkh vljq ri { ’
‘. ￿ ‘￿=
{ ’ ￿DR￿ EZM ￿ Zu￿ ￿
￿
￿ ￿ ￿ U
￿
E2 ￿ D￿n +D44,
n
￿
￿ ￿ ￿ U
￿






E￿ ￿ D￿nE ￿￿R ￿￿d DE Z M￿Z u￿￿E ￿￿Z u￿o +D45,
Wkhuhiruh/ xqghu Dvvxpswlrq D6/ { lv ghfuhdvlqj zlwk R￿ dqg lq dggl0
wlrq zh kdyh { ￿ f/i r uR ￿’￿ 1
64Surri ri Sursrvlwlrq 8=
Zh frpsduh wkh ehvw vhfxulw| ixqglqj d ￿up lv deoh wr rewdlq zlwk d
edqn ordq ￿u/ dqg vkrz wkdw wkh gl￿huhqfh lq wkh ￿up*v sur￿w { lv dozd|v
d ghfuhdvlqj ixqfwlrq ri R￿1 Zh frqvlghu lq wxuq erqg ￿qdqflqj dqg htxlw|
￿qdqflqj1
L Erqgv yv1 edqn ordqv
D erqg lv vlpso| gh￿qhg e| lwv ￿uvw shulrg dprxqw -￿ zkloh wkh vhfrqg
shulrg uhsd|phqw Zu lv ￿{hg1 D edqn ordq lv fkdudfwhul}hg e| wzr uhsd|phqwv
￿ -￿ dqg ￿ -2/ zkhuh hlwkhu ￿ -￿ ￿ ZM dqg ￿ -2 ’ Zu ru hovh ￿ -￿ ’ ZM dqg ￿ -2 :Z u1
Fdvh 4 = ￿ -￿ ￿ ZM> ￿ -2 ’ Zu1
Wkh erqg kroghuv euhdn hyhq frqglwlrq lv=
￿ ’ R￿ E-￿ n Zu￿nE ￿￿R ￿￿E ￿nZ u￿ +D46,
Ohw .Eu￿ ghqrwh wkh h{shfwhg frqwlqxdwlrq ydoxh lq wkh hyhqw ri
ghidxow zkhq uhqhjrwldwlrq lv srvvleoh=
.Eu￿’DZM nE￿ ￿ D￿￿
Ru/ uhduudqjlqj/
ZM ￿ .Eu￿’E ￿￿D ￿EZM ￿￿￿
dqg
.Eu￿ ￿ ￿ ’ DEZM ￿ ￿￿ : f
Wkh htxlydohqw euhdn0hyhq frqglwlrq xqghu edqn ohqglqj lv=
E￿n4 ￿’R ￿
￿
￿ - ￿nZ u
￿
nE￿ ￿ R￿￿E.Eu￿nZ u￿ +D47,
vr wkdw
65E￿ ￿R￿￿E.Eu￿ ￿ ￿￿nR ￿
￿
￿ - ￿￿- ￿
￿
’4 +D48,
Wkh fruuhvsrqglqj remhfwlyh ixqfwlrqv iru dq K0￿up duh=




ZM ￿ ￿ -￿
￿
n R￿ EZM ￿ Zu￿ +D4:,
Frqvhtxhqwo|/
{ ’ ‘￿u ￿ ‘￿ ’ ￿R￿
￿
￿ -￿ ￿ -￿
￿
+D4;,
dqg xvlqj +D48,/ zh rewdlq=
{ ’ ￿4 n E￿ ￿ R￿￿E.Eu￿￿￿￿ +D4<,
vr wkdw { lv ghfuhdvlqj lq R￿ dqg { ￿ f iru R￿ ’￿ 1
￿ Fdvh 5 = ￿ -￿ ’ ZM> ￿ -2 :Z u1
Zh kdyh
E￿n4 ￿’R ￿E Z MnZ u￿nR ￿D
￿
￿ - 2￿Z u
￿





ZM ￿ ￿ -2
￿
+D54,
dqg wkh fruuhvsrqglqj h{suhvvlrqv iru erqgv +D46, dqg +D49,/
duh wkh vdph dv lq fdvh 41 Zh wkhuhiruh rewdlq=
{ ’ ￿R￿ EZM ￿ -￿￿ ￿ R￿
￿




4 ’ R￿ EZM ￿ -￿￿ n R￿D
￿
￿ -2 ￿ Zu
￿
n E￿ ￿R￿￿d.Eu￿￿￿o +D56,
zklfk |lhogv
{ ’ ￿4 ￿R￿ E￿ ￿ D￿
￿
￿ -2 ￿ Zu
￿
n E￿ ￿ R￿￿E .E u￿￿￿￿ +D57,
























2E Z M￿￿ ￿￿D






E ￿￿2 D ￿ +D59,





_R￿ ￿ f dqg { ￿ f iru R￿ ’ ￿1
LL Htxlw| yv edqn ordqv
Djdlq zh kdyh wr glvwlqjxlvk wzr fdvhv1
Fdvh 4 = ￿ -￿ ￿ ZM> ￿ -2 ’ Zu
67Htxdwlrqv +D47, dqg +D4:, uhpdlq xqfkdqjhg1 Dv zh kdyh vkrzq
lq wkh surri1 ri Sursrvlwlrq 7 +lq htxdwlrq D:,/ wkh remhfwlyh
ixqfwlrq ri dq htxlw| ￿qdqfhg K0￿up lv=
‘. ’ E2 ￿D￿
￿
R￿ EZM ￿Zu￿ ￿
￿






’ E2 ￿ D￿EZ M ￿Z u￿ +D5;,










vxevwlwxwlqj iru wkh ydoxh ri ￿ -￿ lq +D47, zh rewdlq=
_‘￿u
_R￿
’ ZM ￿ .Eu￿nZ M￿Z u +D63,
Wkxv iru { ’ ‘￿u ￿ ‘. zh kdyh
_{
_R￿
’ ￿E￿￿Zu￿E￿ ￿ D￿ ￿ f +D64,
￿ Fdvh 5 = ￿ -￿ ’ ZM ( ￿ -2 :Z u1










zklfk e| +D54, lpsolhv wkdw=
_‘￿u
_R￿




68Frpelqlqj zlwk +D5;, zh rewdlq=
_{
_R￿
’ ZM ￿Zu n
ZM ￿.Eu￿
D




’ dE￿ ￿ D￿o
￿ZM ￿ ￿
D
￿ EZM ￿ Zu￿
￿
+D68,
zklfk lv qhjdwlyh xqghu dvvxpswlrq D7=
ZM3￿
ZM3Zu ￿ D1
Surri ri ohppd :=
Wr vlpsoli| rxu qrwdwlrqv/ zh ￿uvw gh￿qh































































































vr wkdw/ ‘ ￿
M E8￿ kdv wkh vdph vljq dv 481
Surri ri Sursrvlwlrq ;=
Zh ￿uvw suryh wkh h{lvwhqfh ri wkh wkuhh w|shv ri htxloleuld +wzr
srrolqj dqg rqh vhplvhsdudwlqj, dqg wkhq surfhhg wr vkrz wkdw
wkh wzr srrolqj htxloleuld vdwlvi| 42
M ￿ 4￿
M1
Ohw 48 dqg 4f eh wkh htxloleulxp pdunhw eholhiv iru d edqn wkdw




















￿uE48c4 f￿’4 8E￿n 7 8￿￿4 f￿
zklfk uhsuhvhqw wkh qhw sd|r￿ ri lvvxlqj htxlw| zruwk 8 ’ 8 lqvwhdg ri
8 ’ f/ iru uhvshfwlyho| dq K dqg dq O0edqn1
Rxu gl￿huhqw w|shv ri htxloleuld duh wkhq fkdudfwhul}hg e| wkh ydoxhv ri
wkh ixqfwlrqv ￿M dqg ￿u/d vi r o o r z v =
6:41 Wkh srrolqj htxloleulxp zlwk 8 ’ f lv fkdudfwhul}hg e| ￿ME48c4 f￿￿f
dqg ￿uE48c4 f￿￿f1
51 Wkh srrolqj htxloleulxp zlwk 8 ’ 8 e|/
￿ME48c4f￿￿fdqg ￿uE48c4 f￿￿f
61 Vhsdudwlqj htxloleuld e| gl￿huhqw vljqv ri wkh ixqfwlrqv ￿M dqg ￿u1
71 Wkh vhpl0vhsdudwlqj htxloleuld e| d pl{hg vwudwhj| ri rqh w|sh ri djhqwv
zklfk lpsolhv hlwkhu ￿ME48c4 f￿’fru ￿uE48c4f￿’f1
Qrz/ wr suryh Sursrvlwlrq ;/ zh ￿uvw hvwdeolvk d suholplqdu| ohppd=
Ohppd < =
￿￿ Li 48 : fcwkhq ￿uE48c4 f￿￿flpsolhv ￿ME48c4 f￿:f
￿￿￿ Li 48 ￿ fcwkhq ￿uE48c4 f￿￿flpsolhv ￿ME48c4 f￿￿f












wkdw li 48 ’ fc￿ ME 4 8c4 f￿’f
Surri ri ohppd <= Wr vkrz ￿￿/ qrwlfh wkdw ￿uE48c4 f￿ ￿ f lpsolhv







































































6;Wkh surri ri ￿￿￿ dqg ￿￿￿￿ lv h{dfwo| wkh vdph1
Zh qrz surfhhg wr suryh sursrvlwlrq ;
￿ Iluvw/ li ￿uE48c4 f￿:fcwkh rqo| srvvleoh htxloleulxp lv d srrolqj htxl0
oleulxp zlwk d pd{lpxp htxlw| lvvxh1 Dvvxph e| zd| ri frqwudglfwlrq
wkdw zh kdg lqvwhdg ￿M ￿ f 1 Wkh htxloleulxp eholhiv zrxog lpso|
4f ’ 4M ￿ fc zklfk xvlqj ￿u : fc lpsolhv 48 : f1 Exw wkhq/ ehfdxvh
ri ohppd </ zh nqrz wkdw wkh srrolqj htxloleulxp lv rewdlqhg1
￿ Qh{w/ zh vkrz wkdw li ￿uE48c4 f￿￿fcwkh rqo| srvvleoh htxloleulxp lv d
srrolqj htxloleulxp zlwk qr htxlw| lvvxh1 Lqghhg/ ehfdxvh ri ohppd </
zh nqrz wkdw li 48 ￿ f zh rewdlq wkh srrolqj htxloleulxp1 Li lqvwhdg
zh kdg 48 ￿ fc wkhq ￿u ￿ f lpsolhv 48 ￿4 f￿Li/ lq dgglwlrq/ ￿M ￿ f
glg qrw krog/ wkh htxloleulxp eholhiv zrxog lpso| 48 ’ 4M zklfk |lhogv
d frqwudglfwlrq/ vlqfh 4f ￿ 4M zloo dozd|v krog wuxh1
￿ Ilqdoo|/ lq wkh fdvh
￿uE48c4 f￿’f
d pl{hg vwudwhj| htxloleulxp zlwk 48 ’ f lv rewdlqhg1 D sulrul/ dq





Xvlqj ￿￿￿￿ ri wkh suhylrxv ohppd doorzv xv wr ghwhuplqh wkdw/lq hdfk fdvh
￿￿c￿￿￿dqg ￿￿￿￿/ wkh vljq ri 48 lv wkh vdph dv wkh vljq ri ￿M￿
Wr h{foxgh fdvh ￿￿ / qrwlfh wkdw wkh htxloleulxp eholhiv lpso| 4f ’ 4u vr
wkdw ￿uE48c4 f￿’4 8 7 8￿E4 8 ￿4 u￿￿:f|lhogv d frqwudglfwlrq1
Dv iru ￿￿￿c wkh htxloleulxp h{shfwdwlrqv lpso| 48 ’ 4u ￿ f￿ Exw ￿uE48c4f￿’
fzrxog lpso| 4u
￿
7 8 n ￿
￿
’ 4f￿c vr wkdw 4u :4 fczklfk lv d frqwudglfwlrq
vlqfh 4f lv dq dyhudjh ri 4u dqg 4M￿
Lq vxp/ ￿uE48c4 f￿’flpsolhv 4f ’fdqg ￿ME48c4 f￿’f ￿Vlqfh 4M :4 uc
wklv lpsolhv wkh qhfhvvdu| frqglwlrq 4u ￿ f1
Qrz/ lq rughu wr fkhfn wkdw wkhvh htxloleuld gr h{lvw/ zh rqo| kdyh wr
uhsodfh wkh htxloleulxp ydoxhv iru 48 dqg 4f lq wkh ixqfwlrqv ￿M dqg ￿u1L w
lv hdv| wr suryh wkdw erwk wkh }hur srrolqj htxloleulxp frqglwlrqv dqg wkh
pd{lpxp htxlw| srrolqj htxloleulxp frqglwlrqv duh phw iru 4u ’ f/ vr wkdw
6<iru wkh uhohydqw udqjh ri sdudphwhuv wkhvh htxloleuld gr h{lvw/ surylqj wkh
￿uvw sduw ri sursrvlwlrq ;1
Zh qrz surfhhg wr vkrz wkdw wkh wzr srrolqj htxloleuld vdwlvi| 42
M ￿ 4￿
M￿
Frqvlghu ￿uvw wkh olplwlqj srlqw 4￿
M￿ Zh ￿uvw vkrz wkdw lw rffxuv zkhq
￿M ’ f dqg qrw zkhq ￿u ’f ￿
Lq rughu wr gr wklv qrwlfh ￿uvw wkdw vlqfh iru 4u ￿ f erwk }hur srrolqj
htxloleulxp frqglwlrqv duh vdwlv￿hg/ wkh olplwlqj ydoxh 4￿
M kdv wr eh vxfk
wkdw 4u : f 1 Exw wklv lpsolhv 48 : fc dqg/ e| ohppd </ lw dovr lpsolhv
wkdw li ￿u ’ f wkh }hur srrolqj frqglwlrq iru wkh K0edqnv zrxog qrw eh phw
vlqfh ￿M : f￿ Wkhuhiruh wkh olplwlqj ydoxh 4￿
M kdv wr eh vxfk wkdw ￿M ’ f￿
Lqwurgxflqj rxu dvvxpswlrq rq wkh rxw0ri0htxloleulxp eholhiv iru wkh }hur



















b7 4nE ￿￿b ￿ 4 M
V
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b 4 unE ￿￿b ￿ 4 M
V
n￿ o￿d
b7 4nE ￿￿b￿ 4 M
V
n￿ o ￿’f

































vr wkdw ￿ME7 4c4 u￿:f1 Vlqfh/ lq dgglwlrq/ ￿u lv srvlwlyh zkhqhyhu 7 4 : f
/ wklv hvwdeolvkhv wkdw d srrolqj htxloleulxp zlwk 8 ’ 8 h{lvwv lq d qhljk0
erukrrg ri wkh olplwlqj srlqw 4￿
Mc surylqj wkh pxowlsolflw| ri htxloleuld1
73Qrz/ wr vkrz wkdw wkh olplwlqj srlqw 42
M lv ehorz 4￿
Mc zh suryh wkdw/ lq
wkh srrolqj htxloleulxp zlwk 8 ’ 8/ ￿M lv dq lqfuhdvlqj ixqfwlrq ri 4M1



















































































￿ ￿ D￿ : f
zklfk hvwdeolvkhv wkdw vlqfh wkh pd{lpxp htxlw| htxloleulxp h{lvwv iru
4￿






^4‘ Ehuqdqnh/ E1V1 dqg F1V1 Orzq +4<<4, ￿Wkh Fuhglw Fuxqfk￿/ Eurrnlqj
Sdshuv rq Hfrqrplf Dfwlylw|/ ss1 537056<1
^5‘ Ehuqdqnh/ E1V1 dqg P1 Jhuwohu +4<<8, ￿Lqvlgh wkh Eodfn Er{= wkh Fuhglw
Fkdqqho ri Prqhwdu| Srolf| Wudqvplvvlrq￿/ Qhz \run Xqlyhuvlw| Zrun0
lqj Sdshu1
^6‘ Ehvdqnr/ G1 dqg J1 Ndqdwdv +4<<6, ￿Fuhglw Pdunhw Htxloleulxp zlwk
Edqn Prqlwrulqj dqg Prudo Kd}dug￿/ Uhylhz ri Ilqdqfldo Vwxglhv 9/
ss15460651
^7‘ Fkr/ L1 N1 dqg G1 P1 Nuhsv +4<;:, ￿Vljqdoolqj jdphv dqg vwdeoh htxl0
oleuld￿ / Txduwhuo| Mrxuqdo ri Hfrqrplfv / 435= 4:<0554
^8‘ G|eylj/ S1 dqg ]hqghu/ M1 +4<<4, ￿Fdslwdo Vwuxfwxuh dqg Glylghqg Lu0
uhohydqfh zlwk Dv|pphwulf Lqirupdwlrq￿/ Uhylhz ri Ilqdqfldo Vwxglhv
7/ ss153404<1
74^9‘ Jhuwohu/ P1 dqg V1 Jlofkulvw +4<<7, ￿Prqhwdu| Srolf|/ Exvlqhvv F|fohv/
dqg wkh Ehkdylru ri Vpdoo Pdqxidfwxulqj Ilupv￿/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv 43</ Pd|/ ss1 63<0731
^:‘ Jlovrq/ V1N1M1 dqg O1 Odqj +4<<3, ￿Wurxeohg Ghew Uhvwuxfwxulqjv= dq
Hpslulfdo Vwxg| ri Sulydwh Uhrujdql}dwlrq ri Ilupv lq Ghidxow￿/ Mrxuqdo
ri Ilqdqfldo Hfrqrplfv 5:/ ss1 6480861
^;‘ Kropvwurp/ E1 dqg M1 Wluroh +4<<7, ￿Ilqdqfldo Lqwhuphgldwlrq/ Ordqdeoh
Ixqgv dqg wkh Uhdo Vhfwru￿ plphr/ PLW1
^<‘ Krvkl/ W1/ Ndvk|ds/ D1/ dqg G1 Vfkduivwhlq +4<<6, ￿Wkh Fkrlfh ehwzhhq
Sxeolf dqg Sulydwh Ghew= dq Dqdo|vlv ri Srvw0Ghuhjxodwlrq Frusrudwh
Ilqdqflqj lq Mdsdq￿ plphr/ PLW1
^43‘ Ndvk|ds/ D1/ Vwhlq/ M1F1/ dqg G1Z1 Zlofr{ +4<<6, ￿Prqhwdu| Srolf|
dqg Fuhglw Frqglwlrqv= Hylghqfh iurp wkh Frpsrvlwlrq ri H{whuqdo Il0
qdqfh￿/ Dphulfdq Hfrqrplf Uhylhz ;6/ ss1 :;0<;1
^44‘ Ndvk|ds/ D1 dqg M1F1 Vwhlq +4<<7, ￿Prqhwdu| Srolf| dqg Edqn Ohqg0
lqj￿/ lq Q1 Juhjru| Pdqnlz/ hg1 Prqhwdu| Srolf|/ Xqlyhuvlw| ri Fklfdjr
Suhvv iru Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk1
^45‘ Oxpphu/ V1 dqg M1 PfFrqqho +4<;<, ￿Ixuwkhu Hylghqfh rq wkh Edqn
Ohqglqj Surfhvv dqg wkh Uhdfwlrq ri wkh Fdslwdo Pdunhw wr Edqn Ordq
Djuhhphqwv￿/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 58/ ss1 <<04551
^46‘ P|huv/ V1F1 dqg Q1V1 Pdmoxi +4<;7, ￿Frusrudwh Ilqdqflqj dqg Lqyhvw0
phqw Ghflvlrqv zkhq Ilupv kdyh Lqirupdwlrq wkdw Lqyhvwruv gr qrw
kdyh￿/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 46/ ss1 4;:05541
^47‘ Rolqhu/ V1 dqg J1 Uxghexvk +4<<7, ￿Lv wkhuh d Eurdg Fuhglw FkdqqhoB￿
Erdug ri Jryhuqruv/ plphr1
^48‘ Shwhuvhq/ P1 dqg U1 Udmdq +4<<7, ￿Wkh Ehqh￿wv ri Ohqglqj Uhodwlrq0
vklsv= Hylghqfh iurp Vpdoo Exvlqhvv Gdwd￿/ Mrxuqdo ri Ilqdqfh/ 7</
Pdufk/ ss1 606:1
^49‘ Shwhuvhq/ P1 dqg U1 Udmdq +4<<8, ￿Wkh H￿hfw ri Fuhglw Pdunhw Frpsh0
wlwlrq rq Ohqglqj Uhodwlrqvklsv￿/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 443/
Pd|/ ss1 73:0761
75^4:‘ Uhsxoor/ U1 dqg M1 Vxduh} +4<<7, ￿Hqwuhsuhqhxuldo Prudo Kd}dug
dqg Edqn Prqlwrulqj= d Prgho ri Ilqdqfldo Lqwhuphgldwlrq￿/ plphr/
FHPIL/ Pdgulg1
76